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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some Regular Contributors Include: 
Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Gary Halverson 
(K6GLH), Larry Will (W3LW), D.S. “Jeep” Platt (K3HVG), Joe Long © 
(WA2EJT), Jeff Covelli (WA8SAJ), Mike Bittner (W6MAB), Mike 
Murphy (WU2D), George Misic (KE8RN), Dave Gordon-Smith 
(G3UUR), Pat Griffin (AA4PG) 


Editor’s Comments 


The KFS Story 

This month, Gary Halverson (KOGLH) 
and Craig McCartney (W6DRZ) present The 
KFS Story, which is the product of 6 month’s Ret 
worth of Gary’s research and writing about ., = A 
this historic Marine radio installation. KFS S23) ij; 
has changed ownership so many times that 
it’s quite difficult to trace the thread of time 
down to the modern day, which now includes a software-defined radio system 
available worldwide. I know Gary would like to get reader feedback on this article! 

Heavy Metal Rally 

A summary of the Heavy Metal Rally that ran on the 6th of January this year will 
be in the March issue, next month. So, there is still time for anyone to send in their 
comments, logs, and photos of the event! 
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Typo in an Article 

In the January issue #344, Tom Austin (K4OTM) told us about the Electronic 
Products Design company (page 20) that rebuilds iron transformers. Their correct 
email should be Sales@EPD-inc.com, not what was printed in the article. 

February 2018 Classic Exchange 
There is still time to participate in the SSB portion of the Classic Exchange. 
Details appeared in the January issue of ER, but a recap is below: 

e SSB: Feb 18-19 and Feb 20-21 

¢ More information is posted on the CX web site as it becomes available: 


www.classicexchange.org. 


73, Keep Those Filaments Lit! NODMS 
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Cover: This is the control building at KES, the historic Marine radio coastal 
receiver site at Half Moon Bay, California, near San Francisco. It is now under the 
care of the Marine Radio Historical Society, which does operate KFS on a schedule. 


KFS — A Century-Plus 


By Gary Halverson, KOGLH 
K6GLH@volcano.net 

and 

Craig McCartney, WODRZ 
Wo6DRZ@arrl.net 


“OK Jim, Fine Business on your 
location. You're about an S-7 with some 
QSB here at my QTH, but a whopping 
solid 20-over on the Half Moon Bay 
KFS Receiver site.” 


Introduction 
On the West Coast, one of the more 


popular remote SDR receiver venues is 


the “Half Moon Bay KFS Receiver Site.” 


of Pioneering Tradition 


There’s a good reason this site has become 
so popular — it’s an historic maritime 
receiver site built on a cliff 150 feet over 
the Pacific, Ocean. This 2@@eaere 
dedicated receiver site is steeped in history 
going back to the beginning of wireless 
communications on the West Coast. The 
site is also protected by the California 
Coastal Commission, which legally 
preserves the land use. 

The KFS facility is located about 40 
miles south of San Francisco near the 
coastal town of Half Moon Bay. It was 
originally constructed in 1932 when the 
original owners (Mackay Radio, which 


had merged in 1928 with The 


This is the first complete Poulsen arc transmitter and receiver built by Federal. From 
left to right, Douglas Perham (Founder of the Perham Foundation), C. Albertus, and 
Danish engineer Peter Jensen. Jensen went on to found Magnavox. 
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The First 
CW Transmitter;~ 
The Poulsen ARG 


Shown is a 30 kW Poulsen Arc, built by 
Federal, as used at one of the early KFS 
transmitter sites. 

International Telephone and Telegraph 
Company, ITT) and underwent a 
migration from VLF to the HF region 
that required new antennas and a 
receiving location free of the steadily 
increasing man-made radio noise in the 
South Bay area. The companion 
transmitter site was located in the bayland 
marshes of Palo Alto. Lead-covered 
telephone lines between these two sites 
enabled full-duplex operation. ITT 


continued to operate these sites for many 


‘ 
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The 100 Watt Poulsen Arc 
(Photo from the Perham Foundation) 


years. 

As the economics of commercial 
maritime CW traffic declined, ITT 
eventually sold KFS around 1990 to 
private investors who proceeded to 
develop modern data systems streamlined 
for the new maritime operating 
requirements and regulations. 

By 1995 KFS had become the central 
control and West Coast receive site for 
the Globe Wireless worldwide HF 


network serving commercial ships at sea 


The Historic Alexanderson Alternator (Photo from the Perham Foundation) 
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with email and data services. Globe. 


Wireless handled its last CW commercial 
maritime message in 1999. 
A Brief KFS History 

A brief history here is challenging as it 
touches on so many developments hap- 
pening concurrently and convoluted, so 
we'll be jumping around on the time- 
line. Generally, the driving forces behind 
the KFS story were the evolving overland 
telegraph business, merchant marine 
shipping, and the evolution of CW and 


its migration from VLF to shortwave — 


frequencies. Also note that in the begin- 
ning vacuum tube transmitters were still 
more than a decade away. 

The KES story begins with the Beach 
Station (Ocean Beach), which was put 
into operation in July 1910 by the Poulsen 


Wireless Telephone and Telegraph 
Company. The company’s president, 
Cyril Elwell (a Stanford 


engineering graduate), had traveled to 


reeent 


Denmark where he met with inventor 
Valdemar Poulsen (the “Danish Edison”) 
to secure the rights to use Poulsen’s arc 
transmitter in the United States. 

Elwell considered the Poulsen arc 
transmitter to be more flexible and less 
expensive than the Alexanderson 
alternator, which at the time was under 
the control of the General Electric 
Company. Both of these devices produced 
a continuous wave RF source at a 
frequency high enough to be in the low 
end of the RF spectrum and were far 
than spark gap 


more efficient 


transmitters. Telegraph operators also 


This is the Beach station as it looked 
Foundation) 


4 Electric Radio #345 


in 1910. (Photo Courtesy of the Perham 
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said the “articulation” of CW was better 
than spark (a keyed tone versus a keyed 
buzz). The RF output frequency produced 
by the alternator was limited mechanically 
by how fast it could be spun up (practical 
upper limit was 30 kHz). The Poulsen 
arc had the advantage of not using parts 
rotated at high speed. 

The Beach Station was located just 
north of the San Francisco zoo at 48th 
Avenue and Noriega Street. Its main 
purpose was to be one end of a San 
Francisco to Los Angeles point-to-point 
circuit. It was equipped with two 12 kW 
Poulsen arcs and a low power transmitter 
with a carbon microphone for voice 
transmission (which they were hoping to 
develop). A flat-top antenna was 
suspended between two 300-foot wooden 
lattice masts. 

The original call sign of the Ocean 
Beach station was PSF (Poulsen San 
Francisco). Call signs of early wireless 
stations were borrowed from overland 
telegraphy, where telegraph offices along 
the railroad lines were identified with 
two letters. When wireless stations first 
appeared, a third letter was added to 
identify the company owning the station, 
i.e, M was for Marconi, P was for 
Poulsen, N was for Navy, etc. This 
practice continued until July 1912 when 
formal regulation was enacted by the US 
Congress through the Department of 
Commerce. 

Poulsen Wireless Tel. & Tel. Co. 
continued to refine the state-of-the-art 
in communications technology. PSF had 
receivers that were selective enough to 
tune in the sharper CW signals of different 
stations transmitting at the same time — 
far more effective than tuning broad spark 
transmitters. Construction of new point- 
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to-point stations occurred at a rapid pace 
with the objectives of competing with 
domestic telegraph companies, and 
competing with the transoceanic cables 
by developing higher powered arc 
transmitters. 

In January of 1911, the company was 
reorganized as the Poulsen Wireless 
Corporation with a capitalization of $25 
million. By the end of 1911 there were 
18 Poulsen stations competing with 
overland telegraph companies. These 
stations were located in Oregon, 
California, Texas, Arizona, Missouri, and 
Illinois. 

In the reorganization, patent rights 
and the operating stations were 
transferred to a newly formed Wireless 
Development Company to reduce State 
taxes. By July of 1911, the Wireless 
Development Company was changed 
again to the Federal Telegraph Company. 

Federal continued to develop higher 
powered arc transmitters based on the 
Poulsen design. Power levels went from 
12 to 30, then to 60 kW where further 
improvement was stalled until a 
laboratory was set up and the engineering 
group expanded to study the arc issues. 
Elwell hired Leonard Fuller, a recent 
Cornell University graduate, to take the 
lead in development of higher powered 
arc transmitters. This effort led to the 
development ofa 500 kW unit, for which 
Fuller earned a Doctorate in Electrical 
Engineering from Stanford University. 
In 1913 sales of Federal arc tramsmitters 
to the Navy had also begun, following 
several field and shipboard tests where 
arc consistently outperformed spark. 

An interesting side-note here is how 
arc transmitters were keyed. Unlike Al, 
once the arc was started and adjusted, it 
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had to be left running. Keying was. 


accomplished by shorting out part of the 
antenna inductor (with a heavy keying 
relay), resulting in a simple form of 
frequency-shift keying (F1). Obviously 
the receiver had to be tuned to the lower 
frequency in order to copy the intended 
character “polarity.” 
Regulation Comes 

The April 1912 Titanic (call sign MGY) 
disaster and the loss of over 1500 lives 
stimulated the US Congress to pass 
Regulations Governing 
Communications 4 months later. The 
“Radio Act” regulations required every 
US ship leaving a US port carrying a total 
of 50 persons or more (including crew 
and passengers) to be equipped with 
wireless apparatus capable of sending and 
receiving messages day or night at least a 
distance of 100 miles. 

These regulations also required the 
formal assignment of call letters and 
annual publication of a book listing the 
station owners, their controlling interests 
and assigned call letters. Commercial 
stations in the continental United States 
were divided into two groups, with the 
Mississippi River delineating the groups. 
Stations east were assigned “W” call sign 
prefixes, and stations west, “K” prefixes. 
(Amateur stations were relegated to 200 
meters and below and geographically 
divided into 9 regions, with the region 
number being the first letter of the call 
sign, for example, 9BR). Speculation is 
that this relocation of the amateurs was 
done to eliminate interference to 
commercial operations. Most commercial 
and government radio communications 
at that time (spark and CW) were in the 
LF and VLF spectrum centering around 
1,000 meters (~300 kHz). 
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Radio 


As a result of the new regulations, PSF 

was assigned the call sign KFS. 
Mackay 

The Mackay Radio & Telegraph 
Company started as a telegraph company 
founded in 1884 by silver mine owner 
John W. Mackay who had become rich 
in the Comstock mining boom. He and 
partner James G. Bennett formed the 
Commercial Cable Company with the 
goal of providing transatlantic telegraph 
service. : 

Mackay next incorporated the Postal 
Telegraph Company to expand the system 
across the continental United States, 
which became Western Union’s primary 
competitor. In 1901, Mackay formed the 
Commercial Pacific Cable Company to 
provide cable telegraphic service across 
the Pacific Ocean. Millions of dollars 
were spent laying undersea cables. 
Although John Mackay died in 1902, his 
son Clarence continued to head the 
company and finished the Pacific cable 
im TYOD: 

As radio developed, it offered important 
advantages over expensive cable-based 
telegraph systems, namely cost and 
convenience. Development of vacuum 
tube technology led to the discovery of 
the benefits of shorter wave length 
frequencies. 

In 1925, Clarence Mackay founded 
Mackay Radio, and added a radio network 
to the telegraph business. In 1928, the 
Mackay Radio & Telegraph Co. merged 
with its two cable siblings and All America 
Cables to form the American Cable & 
Radio Corporation. The majority 
shareholder in the new company was the 
International Telephone & Telegraph 
Co. 

In 1927 Federal Telegraph Company 
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signed a 21-year contract with Postal 
Telegraph — Commercial Cable (the 
Mackay system). Under this contract 
Federal sold their Pacific Point-to-Point 
radio system outright to Mackay, who 
took over all radio operations and Federal 
remained a separate engineering and 
manufacturing entity. 
Robert Dollar 

The Dollar Steamship Company was 
arguably one of the economic engines 
that helped drive the development of 
radio on the West Coast. 

Robert Dollar got his start in the lumber 
business, initially in eastern Canada and 
northern Michigan. In 1888 he moved 
to San Rafael, California, and bought 
timber property in northern California 
and Oregon. After acquiring a saw mill 
in Mendocino County, California, he 
discovered he had a problem getting his 
lumber to San Francisco as a result of an 
acute shortage of ships to handle the 
erowing coastal trade. 

In 1895 Dollar acquired his first vessel, 
a 200-ton steam schooner (named 
“Newsboy”) to move his lumber from 
the Pacific Northwest to San Francisco. 
Besides lumber, the cargo eventually 
included commodities, mail, and 
passengers. By 1901 Dollar’s fleet had 
grown to 9 vessels, the largest being 1500 
tons. 

During the time leading up to World 
War I, Robert Dollar pioneered shipping 
in the Pacific from the West Coast to 
Japan, China, and the Philippines. 
Steamship crossings at this time were 
rare, as it was generally regarded that 
steamers could not carry enough coal to 
cross the Pacific. Dollar recognized that 
return cargo was necessary to be 
profitable, and secured reliable sources 
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TIME 


The Weekly Newsmagazine 


Robert Dollar appeared on the cover of 
Time Magazine, March 1928. 

of return cargos. His shipping business 
prospered. 

While the Radio Act of 1912 
regulations didn’t immediately impact 
the Dollar ships (they were all smaller 
than the size required to have wireless 
apparatus installed) the fleet grew during 
World War I. However, it was after the 
war that the Dollar fleet grew 
dramatically. In 1922, Dollar Lines 
purchased 4 “President Class” ships 
through the United States Shipping Board 
(an) ‘agency created to recycle 
decommissioned Navy vessels into 
merchant service). Then again in 1924 
with the addition of 7 President Class 
ships and) ni 1D2da\eon MOLE President 
Class vessels were added bringing the 
fleet to 30 vessels. 

1924 was the year in which the Dollar 
Line offered around-the-world trips to 
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passengers with a ship sailing from San | 


Francisco every two weeks. Dollar Lines 
thus became the first American ships to 
offer around-the-world service. Since 
communications with these ships was 
essential over the course of a 120 day trip 
visiting 16 countries, the development 
and implementation of a shortwave 
communications system became a high 
priority for Robert Dollar as cable 
telegrams to the remote Dollar offices 
were very expensive. 


While spark equipment was still in use © 


on the Dollar Line, in January 1924 the 
Dollar Line superintendent, Charles 
King, asked W.H. Phillips, one of their 
radio operators, to install an amateur 
shortwave station on his ship in order to 
keep a schedule with King on amateur 
frequencies from 100 to 20 meters. 
Successful communications during 
several trips to China convinced King of 
the merits of short-wave. (In 1924, the 
Hoover Conference established the 80, 
40, and 20-meter HF amateur bands). 


Ralph Heintz 

Ralph Heintz was a San Francisco 
experimenter who had a keen interest in 
the pioneering work the amateur 
community had achieved on shortwave 
frequencies below 200 meters. In 1923 
Fred Schell, 1MO, and John Reinartz, 
1QP, made contact with Leon Deloy, 
8AB in France using a less than a kilowatt 
on 100 meters, a fraction of the power 
the commercial stations were using on a 
10,000 meter wavelength. Ralph Heintz 
recognized the merits of the shortwave 
frequencies and started building 
shortwave sets for marine use. 

In 1925 his company (Heintz and 
Kohlmoos, later. Heintz and Kaufman) 
had outfitted the schooner KAIMILOA 
(owned by Florida real-estate millionaire 
M.R. Kellum who was married to Andrew 
Carnegie’s niece Liz) with a 500-watt 
shortwave station, becoming the first ship 
in the Pacific to be equipped for shortwave 
communications. As the KAIMILOA 
(call sign KFUH) sailed throughout the 


4 ~ _ meme 

, ie e@ 

500 Wotts. SODcicle £.C.W. 
Vessel Owned By M. BR: Kellam -. 
Home Port: Honotulu, T. H.. 


Equipment by: Heingg & onions, ras Arete U.S! As 


Schooner “KAUMILOA" 
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KFUH QSL Card from the web site http://www.oldgqslcards.com/Kaimiloa.pdf 
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South Pacific, reliable communications 
with amateurs in the United States further 
proved the merits of the shortwave 
frequencies. 

By this time, Ralph Heintz had gained 
a reputation for building high-quality 
shortwave gear. Equipment Heintz had 
built for Commander Byrd’s flight over 
the North Pole in 1926, and flights over 
the South Pole furthered Heintz’ excellent 
reputation. The Dollar Line’s Charles 
King asked Ralph Heintz for a quote on 
30 marine and 10 coastal shortwave 
stations. Heintz quoted $2,000 each for 
the ship equipment and $5,000 each for 
the coastal equipment. The Dollar board 
rejected the bid. 

By 1926, the Dollar Line finally 
recognized its mistake in not adopting 
short-wave equipment. In January 1926 
Robert Dollar’s son, R. Stanley Dollar, 
went to Washington and secured 17 short 
wave channels for the company and 
authorization to construct an 
experimental station to explore HF 
communications with the fleet. 

Dollar then approached the Simpson 
Radio Company in Seattle to build their 
short wave equipment. Fredrick Simpson 
had a patent ona transmitter that did not 
infringe on the RCA-de Forest patents. 
Dollar proceeded to buy Simpson Radio 
in 1928 to acquire the patent and produce 
they 
desperately needed but Simpson died 
shortly after the deal was signed. R. 
Stanley Dollar then asked Ralph Heintz 
if he would take over the Simpson Radio 
project, which Heintz accepted after 


the short-wave equipment 


studying Simpson’s patent and 
concluding it was valid. In 1927 Dollar 
signs an agreement with Ralph Heintz to 


equip the Dollar fleet with shortwave to 
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handle inter-ship and inter-office 
correspondence. 

In 1928, Dollar’s first shore station 
was constructed in Mussel Rock about 
15 miles south of San Francisco near the 
north end of Pacifica on the edge of the 
ocean on a 13-acre plot. At first, two 
small 20’ X 20’ buildings separated 100’ 
from each other were constructed. One 
housed the receivers while the other 
housed the transmitters. Two self- 
supporting towers, approximately 250’ 
high supported a 600 meter flat-top 
antenna. Ralph Heintz’ experimental call 
sign OXBB was transferred to the station. 
Interference from the transmitters was a 
problem and they were soon moved up 
the hill into a new building about 1600 
feet from the receivers. However, the 
interference from the proximity of the 
transmitters remained a considerable 
problem, which eventually led to 
recognizing the need for a much more 
remote transmitter site. The call sign 
KFS was eventually assigned to the 
operation at Mussel Rock. 

Dollar Steamship company formed 
DOLLARADIO in 1929, later becoming 
Globe Wireless, to handle their ship-to- 
shore communications. Eventually, 
Dollar added a network of point-to-point 
stations with the call sign KTK to compete 
with cable messages, which were quite 
expensive then. So while KFS handled 
the maritime Morse service to the Dollar 
ships at sea, the KTK point-to-point 
service operating in parallel with KFS 
provided a link for the cities of the Pacific 
Rim to North America. 

Eventually Stanley Dollar decided to 
spin off DOLLARADIO into a separate 
company dedicated strictly to 
communications. He incorporated Globe 
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Inside the KFS Palo Alto Transmitter Site in the Early 1930s (Photo Courtesy of the 
Palo Alto Historical Association) 


Wireless Ltd. in Nevada on 
January 24, 1990.) Pagk 
Kaufman. was the Vice 
President and General 
Manager. The 17 short wave 
frequencies assigned to the 
Robert Dollar Company were 
transferred to Globe. Globe 


also purchased (at cost) the 


short wave equipment 
produced by Heintz and 
Kaufman. 

Robert Dollar died in 1932. 
With the Great Depression 
having reduced shipping 


Right: The KFS Palo Alto 
Transmitter Site, ca. 1977 
(photo courtesy of the Palo 
Alto Historical Association) 
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revenue, Dollar fell behind on his 
payments to the US Shipping board for 
the purchase of President Class ships, 
and these and ships were repossessed. 
The Roosevelt administration also 
cancelleda US Mail contract with Dollar. 
These events, combined with back taxes 
owed the government, forced the 
company into bankruptcy in 1937. The 
American President Lines was created to 
operate the remaining Dollar fleet. 

The Globe Wireless network, on the 
other hand, became so successful that the 
Department of Commerce informed 
Globe that exclusive radio service was 
not in the public interest and so, in 
February 1934, Globe opened their 
facilities to the public and to 
communicate with ships of any line. 

Summary 

By now you must be thinking that the 
KFS story is the Granddaddy of Silicon 
Valley high-tech stories — and you're 
right. From Poulsen to Federal, to 
Mackay, to Dollar to Globe and ITT, to 
Inmarsat, to Globe Wireless Radio 
Services, it’s all mind-boggling. But in 
the interest of brevity, several important 
tangential items where skipped. You 


might also want to explore the events 
related to Lee de Forest while he briefly 
worked for Federal, the lawsuit between 
RCA and Heintz and Kaufman that 
discredited the de Forest oscillator patent, 
the H.K. Gammatron story, and the 
Perham Foundation archives. A list of 
additional reading is provided at the end. 
KFS Today 

The advent of the SDR (Software 
Defined Radio) has ushered in a whole 
new realm of operating. The real-time 
spectrum function and the waterfall 
display has played a part in elevating 
understanding of what’s happening on 
the band. The added flexibility of 
enabling remote users to access the SDR 
via the Internet has also quickly become 
a popular feature. 

There now. exists)a)directoryot 
worldwide SDR receivers that can be 
accessed over the, Internet http:// 
www.websdr.org. From this web site, you 
can select a geographic location and log 
onto a receiver there. Once logged on, 
you can set the frequency, the mode, and 
even record the signals heard from that 
location all on your computer in front of 
you. These sites can support dozens of 


This is a global map at www.websdr.org 
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Previously a marketing executive with 
AmpexG@raig = thas/yan fextensive 
background in television broadcast 
engineering and was quick to recognize 
the opportunity to combine the rich 
benefits of the historic receiver site (with 
its huge antenna arrays literally on the 
edge of the Pacific Ocean), with the 
flexibility and performance of the latest 
generation of SDR receiver offerings — a 
marriage made in heaven! 
System Configuration 

The IP address of the KFS site is http:/ 
/69.27.184.62:8901. The site covers the 
160, 75, 60, 40, and 20-meter bands. 

The system receivers are connected to 
a PRG Model:...530 
omnidirectional antenna with 6 dB gain, 
2-30 MHz. The individual receivers are 
FiFi SDR receivers with internal sound 
chips. The computer uses an ASUS Z170 
motherboard with 8GB of RAM, and a 
120 GB solid state drive; it runs the 


Debian Linux operating system. The 


log-periodic 


Internet Service Provider is Coastside.net 
in Half Moon Bay. Antenna and rack 
space facilities are provided as a public 
service by Globe Wireless Radio Services. 
WebSDR server software was written and 
is maintained by Dr. Pieter-Tjerk de Boer, 
PAZFWM. 

Craig (also the system operator) wishes 
to acknowledge and is grateful for the 
technical assistance provided by Bob 
KOGAQ, Steve W7RNA, Paul W7JVH, 
Hal KKGHY, and Ken WBG6CNI. 

You are invited to use the KFS 
WebSDR site whenever you like. Enter 
your call sign or name in the box near the 
top for a more informative user display. 
Please be courteous and use only one 
and when finished, 


disconnect by closing your browser. An 


connection, 
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idle time-out default is sixty minutes. 
Tips for use can be found in the “About” 
link. 

Maritime Historical Radio Society 

The Maritime Historical Radio Society 
is a “living history” non-profit 
organization dedicated to preserving the 
rich heritage of Morse code maritime 
radio operations. They are the custodians 
of several of the KFS point-to-point 
facilities along with other historically 
significant costal radio transmitters 
including the famous KPH, which has 
been made functional once again. Learn 
more about this fascinating bygone era 
by exploring their comprehensive web 


site at www.radiomarine.org. 
Additional Reading: 

e The Perham Foundation Archives — 
www.perhamcollection.org 

e The End of Morse - A First Hand 
Report by Richard Dillman, WOAWO: 
http://www.telegraph-office.com/pages/ 
End of Morse.html 

e For more details on KFS, Robert Dollar 
and Globe, see: 


http://www.radiomarine.org 


https://en.wikipedia.org/wiki/ 
Hillsboro wireless tower 


References: 

¢ Thorn L. Mayes, Wireless In The 
United States, Published by the New 
England Wireless and Steam Museum 

e Hank Olsen, WG6GXN, and Bill Orr, 
WO6ASI, Antique Wireless Association, 
The A.W.A. Review, Volume 8, The 


Federal-Mackay Story: From CW ARC 
to Silicon Valley 
¢ Jane Morgan, Electronics in the West 


The First Fifty Years 
¢ Wikipedia 
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The Heintz & Kaufman 936 Marine Receiver 


By Tom Harris 
3989 Bodega Ave 
Petaluma, CA 94952 


Pearsrepairs@hotmail.com 


Introduction 

Many people are at least vaguely 
familiar with the H&K name due to their 
production of tubes and transmitters in 
the late 1920s until after WWII. 

Ralph Heintz and Jack Kaufman were 
business partners and the Robert Dollar 
steamship line had them build the radio 
sets for their operations, eventually 
buying a large interest in H&K. Jack 
Kaufman also was the manager of Globe 


Wireless, a large communications 
business competing with RCA Global. 
RCA perceived H&K as a competitor, 
and would not allow any RCA, GE or 
Westinghouse tubes to be sold to H&K. 

At H&K, the decision was made to 
build their own tubes and that is where 


Bill Eitel and Jack McCullough came in. 

Later, they decided to go their separate 

ways and the company became Eimac. 
Now for the Story 

I was poking through the “almost free” 
pile at the California Historical Radio 
Society a few years ago, and a gray box 
buried under stuff caught my eye. I 
assumed it was an amplifier, but saw the 
H&K nameplate. So, for $10.00 later, it 
was mine. 

After a cleanup, I realized it was a low 
band marine receiver in very nice 
condition. I could find nothing about it 
anywhere. I contacted Art Lieberman 
and he suggested an e mail to the Perham 
Collection that is part of History San 
Jose. Catherine Mills sent me a copy of 
the original manual, schematic, parts list, 
and photos. I was now a happy camper! 

The model is a 936 Marine Receiver. 
My serial number is 153, probably vintage 
1939. The drawing dates are 1940, but it 


Figure 1: There is no mention of Heintz & Kaufman in the usual reference books, likely 
due to its rarity and the fact it was made for pre-WWII commercial ship’s radio use. 
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position mentioned in the text. 


Figure 3: The crystal detector is mounted 
on the top of the chassis. 


still has an “emergency” galena/cat 
whisker detector shown on it. Maritime 
law stated that a receiver should cover the 
emergency channel (500 kc) even with 
no ship’s power available, but I believe 
that was rescinded around 1938. 


Figure 4: The Input Power Switch 
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Figure 2: This close-up view of the 


ae te 


de switch shows the crystal detector 


The 936‘s Circuit Details 

Details condensed from the manual 
are: 
¢ Cast aluminum case for stability, 
¢ 110-135V DC supply and 6 volt DC or 
AC for filaments, 

° Crystal emergency range is 350-515 
ke. 
e An audio filter capable of rejecting 
anything not near 450 cycles for better 
signal-to-noise ratio. 

Tube lineup 

V1 is a GJ7 RF amplifier, V2 is a 6A8 
frequency converter, V3 (6S7) is an IF 
amplifier, V4 (another 6J7) 1s the second 
detector, V5 (another 6S7) is the BFO, 
and V6 (6GG6C) is the audio amplifier. 

The RF amplifier is capacity coupled 
for selectivity (less loading), stability, and 
image rejection. All the inductors are 
powdered iron cores wound with Litz 
wire. 

In figure 2, there are 2 tuning ranges, 
70-210 ke and 350-515 kc and also a 
third position for 350-515 ke using an 
emergency crystal. (The band switch has 
no detent stops so there are also blank 
positions. ) 

The IF is conventionally tuned by air 
variable trimmers. 

The second detector is a 6J7 pentode 
operating as a plate rectifier, no AVC is 
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Figure 5: This is a scan of the top-chassis side, from the original manual. 


required and it does not load the 
preceding stage. The BFO is a separate 
tube, capacity coupled. Sensitivity and 
volume are controlled by a variable 
resistor in the cathode circuits of V1, V2, 
and V3. The audio amplifier is matched 
to a 500-ohm output with a switch to 
connect a tuned circuit, a 450-cycle pass 
filter. 

When using the crystal emergency 
circuit, a second phone jack is located on 
the rear panel for the output (headphones) 
Stated performance is 5 microvolts or 
better for 50 mW output into a 500 ohm 
line (30% mod at 400 cycles). Image 
ratio on any band is stated at 300,000:1, 
not bad! Selectivity is stated at 5 kc at 
120X normal input and 10 kc at 10,000 
times normal input. The book’s 
performance curves are for serial #239, a 
little newer unit than mine. 

Actual Operation 
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Looking at the front panel, upper left 
is the BFO on/off switch, upper right is 
BFO frequency control. On the silver 
panel, left are the phone jacks, upper one 
is direct to the crystal receiver with no 
amplification. Next is the power/battery/ 
ship switch (figure 4), range switch, 
tuning knob, sensitivity, and last on the 
right side is the audio filter’s on/off switch. 

This was modified in the past by the 
addition of a built-in power supply, so 
the “ship” position on the power switch 
now turns on 120 VAC supply. The rest 
of it appears intact. 

With power on, minimal current draw 
was found ona variable supply, so all was 
well. The dial lit, tubes are warm, and 
away we went. Of course, I have nothing 
resembling a low-band antenna and have 
a lot of utility lines nearby, so I direct 
connected it to a Panasonic VP-8191A 
precision signal generator at 30% mod, 
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Figure 6: Also from the original manual, this shows typical component layout methods 
for a receiver of this vintage and purpose. 


400 cycles. 

Results were pretty interesting, not 
measuring up to stated performance, but 
that was written 78 years ago and I’ve 
done no alignment! With the audio filter 
on, BFO off, selectivity (that is also 
volume) at max: 

Band One: 100kc audible signal at 
about 36 pV. Actual readout is 100kc, as 
is generator. 200kc audible signal at about 
500 pV. Actual readout off about 20kc. 

Band Two: 350kc audible signal at 
about 2 pv. Actual readout 350kc, as is 
generator. 500kc audible signal at about 
25 pV. Actual readout 500kc, as is 
generator. This is not scientific with no 
impedance matching , but just an idea 
that probably it’s close since the actual 
frequency spread is minimal. Also, each 
receiver had a calibrated frequency chart 
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in the manual. 

Band Three: Then I tried to “tweak” 
the cat’s whisker to receive anything at 
500kc, nothing was heard, even at very 
high input levels. 

Conclusions 

This set is a very well built primitive 
receiver, but it did the job. The BFO 
works well as does the audio filter. The 
crystal detector may actually work if I 
cleaned the crystal cup and connections, 
but I would not want to count on that in 
a life emergency! 

If anyone wants a copy of the manual 
and the diagrams, contact me_ at 
Pearsrepairs@hotmail.com. They are too 
light to reproduce in a magazine, but can 
be emailed. 


En 
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The Inline Code Talker 
(An RF-Sensing Keying Monitor) 


By Tom Marcellino, W3BYM 
13806 Parkland Drive 
Rockville, MD 20853 
w3bym1@gmail.com 


Background 


Seventy-seven years ago there were a 


couple paragraphs in the 1940 Radio 


Amateur’s Handbook about signal 
monitoring. ' (This is the earliest reference 
in my collection that mentions the two 
methods for monitoring CW signals in 
the transmitting station.) The first was 
about signal monitor that said, “This 
method checks both keying and note 
giving an accurate representation of the 
signal.” The second mention was a keying 
monitor and it said, “This works with the 
transmitter’s key and only shows how 
the characters are sent. The signal 
monitor is actually a receiver in its 


Figure 1: The Code Talker was built into a small aluminum box 
measuring 2" x 1.5" x 2.75". The round speaker is recessed and 
held in place with rubber splicing tape. 
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simplest form using one tube.” The keying 
monitor was just an oscillator driven by 
the transmitter’s key. 

The project described in this article is 
called a “sidetone” in modern-day lingo. 
The phrase “sidetone” became most 
popular in the late ‘60s and early °70s 
with the introduction of the transceiver. 
Although this project is a sidetone that 
uses modern components, it has historical 
roots dating back to the early days of 
amateur radio. So, in keeping with the 
flavor of this magazine, the phrase “keying 
monitor’ will be used. 

I’ve built several keying monitors and 
all were electrically connected to the 
keying circuit. This project differs by 
using the RF output from the transmitter 
to activate an oscillator. 

Circuit 

This keying monitor is placed in series 
with the RF output 
coax) from/jatite 
transmitter. RF is 
fed to the 5 turn 
primary of the RF 
transformer. The 
primary is wound 
with #20 insulated 
hookup wire. The 
secondary contains 
30 turns of #26 
enamel coated 
wire. The core is 
powder iron model 
T-68-2. 

The secondary 
RF voltage is fed to 
a full wave bridge 


rectifier using 


February 2018 


s Cw 
$4 O—[F9V 
re) 
(IN-OUT) lea 
10pF-25¥ 
5 TR 1-68-2 A ; 
RF 8 ohms 
N-OUT 
(IN-OUT) GAIN 
500 
2N2219A 


Figure 2: The RF input is bi-directional. The bridge diodes can be most any signal type. 
In case the 555 oscillator needs replacement, an 8 pin IC socket was used for its 
mounting. 


signal diodes. When RF is present on the With no RF present the transistor (switch) 


primary there will bea positive voltage at __is off (open) and only a small leakage 
the output of the bridge. This voltage is current (45nA) passes from C to E. 

used to turn on the 2N2219A transistor. The tried-and-true 555 timer 
The transistor acts justlikeatoggleswitch. integrated circuit is configured as an 


Figure 3: Components are mounted to a section of Radio Shack PC board. Holes are 
provided in the lid for tone and gain adjustment. The packaging is dense but the circuit 
can be repaired if needed. 
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Figure 4: The battery is held in place with double-sided tape. The input RF transformer 


is tilted down, providing space for the lid to close. 


astable oscillator with a small speaker on 
the output. Two trimpots were added to 
adjust both the tone and audio gain. 

If this monitor is used with a CW-only 
transmitter, S1 can be deleted leaving the 
battery connected all the time. The battery 
will have a very long life because, with no 
RF, the only battery drain will be the 
leakage current through the transistor. 
The maximum battery drain, key down, 
is 16 mA at full audio gain. This level of 
gain is actually ear splitting. Reducing 
the gain to a more comfortable level 
reduces the current drain to 8 mA during 
key-down. If this monitor is used with a 
CW-AM transmitter, S1 is needed to 
disconnect the battery unless you like to 
hear a continuous note during your AM 
transmission! 

The keying monitor has been bench 
tested from 160 meters to 10 meters with 
power levels of 2 watts to 30 watts. In the 
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shack it has been tested with the HW-8 
at 3 watts and a 100 watt transmitter. 
Minimum RF sensitivity to activate the 
555 was measured on 160 meters at 1.4 
watts and on 10 meters at 28 milliwatts. 

The signal monitor method has been 
briefly mentioned. In modern times the 
receiver is used for this task. I know from 
experience that a receiver can be successful 
but on the other hand it can be frustrating 
when used as a CW monitor. The plan is 
to pursue this method with a very simply 
monitor project. 
Reference: 

1. The ARRL Radio Amateur’s 
Handbook, 1940, 17th Edition, page 
239 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 
Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 
40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 kc daily, Mornings Only at 6:00 AM MT MT, QSX 
KOOJ 

Collins Collectors Association Nets: Sunday, 14.263 Mc @ 2000Z. Informal Tue. & Thurs. eve. 3805 kc @ 2100 ET. West 
Coast 75M net, 3895 kc 2000 PT. 10M AM net 1800Z, 29.05 Mc Sunday, QSX 1700Z. CCA First Wednesday AM Night monthly, 
3880 ke starting @ 2000 CST, or 0200 UTC. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WB@IQK), Doug (W9IDCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 
KHz +/- QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Kc @0800 AM, ET on Sun. QSX op is Mike (N8ECR), with alternates. 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, W1GUD 

Fort Wayne Area 6-Meter AM net: Meets nightly @7 PM ET on 50.58 Mc. Another long-time AM net, meeting since the late 
‘50s. Most members use vintage and homebrew equipment. 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6HQI Memorial 20 Meter Net: Flagship AM net 14.286 Mc daily for 25+ years. Check 5:00 PM Pacific Time. 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3K YR) 
Midwest Classic Radio Net: Sat. morning 3885 kc @7:30 AM, CT. Only AM checkins. Swap/sale, hamfest info, tech. help 
Mighty Elmac Net: Wed. nights @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc. QSX: N8ECR 
MOKAM AM’ers: 1500Z Mon. thru Fri. on 3885 kc. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 ke. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. QSX op Paul (W1ECO) 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc + /- QRM. QSX Ted, W3PWW. It isn’t necessary to 
check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @ 7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/-QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill (W4WHW), 
Jay (WB6MWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. QSX Lynn (K5LYN), or Adolph (WASIGG) or 
Vince (WB4BPS) 

West Coast AMI Net: 3870 kc Wed 7PM PST 8PM PDST. Early check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
control rotates: Brian (NI6Q) 1st Wed, George (WA6HCX) 2nd Wed, Sharon (K6IRD) 3rd Wed, Steve (KF6SYD) 4th 
Westcoast Military Radio Collectors Net: Sat.@ 2100 Pacific Time 3985 kc + /- QRM. QSX W7QHO. www.mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 

Wireless Set No. 19 Net: Second Sun. 7270 kc (+/-25 Kc) @ 1800Z. Alternate 3760 kc, +/-25 kc. QSX Dave (VA3ORP). 
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The EF Johnson Invader 
and Invader 2000 Transmitters 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 


ke8rn@comcast.net 


Overview of the Two Invader 
Transmitters 

The Johnson Invader and Invader 2000 
were a pair of similar multimode SSB, 
CW, and AM transmitters from the 
1960s. The Invader 200 ran about 200 
watts input on CW and SSB from a pair 
of 6146 final amplifier tubes; it had a 
built-in AC power supply and was a very 
attractive unit covering 75 to 10 meters 
with no WARC bands, as it came out on 


the market before the WARC convention. 
The Invader 2000 was a similar 


transmitter without the internal AC 
power supply; the internal power supply 
was replaced with a linear amplifier using 
a pair of PL-175 tubes in parallel running 
2000 watts PEP (peak envelope power) 
input on SSB and 1000 watts input on 
CW and about 800 watts input on AM. 
The Invader 2000 had an external AC 
power supply that contained a similar 
power supply that was internal to the 
lower-power Invader but with a larger 
power transformer. It’s complete power 
supply is about the same size as the Invader 
200 transmitter, but in a conduction- 
cooled utility cabinet. 

The Invader 2000’s internal linear 
amplifier runs 2000 watts PEP. Johnson 


INVADER 
INVADER 2000 


The finest SSB signal on the air! 


INVADER—The transmitter you've been waiting for—with more 
exclusive features than any other Transmitter/Exciter on the 
market today! Instant bandswitching 80 through 10 meters— 
no extra crystals to buy—no retuning necessary. Rated 200 
watts CW and SSB input; 90 watts input on AM. Unwanted side- 
band and carrier suppression is 60 db or better! Wide range 
pi-network output circuit. Fully TV! suppressed. Self-contained 
heavy-duty power supply. Wired and tested with tubes and 
crystals. Cat. No, 240-302-2 


~ INVADER 2000—Here are all of the fine features of the “In- — 
vader’, plus the added power and flexibility of an integral 
linear amplifier and remote controlled power supply. Rated a 
solid 2000 watts P.E.P. (twice average DC) input on SSB; 1000 
watts CW; and 800 watts input AM! Wide range output circuit ~ 
(40 to 600 ohms adjustable). Final amplifier provides excep- 
tionally uniform ‘‘Q’’. Exclusive ‘‘push-pull’” cooling system. 
Heavy-duty multi-section power supply. Wired and tested with 
power supply, tubes and crystals. Cat. No. 240-304-2 


Add hi-power conversion 
overnight for an integrated 2000 
watt desk-top transmitter 


Hi-POWER CONVERSION—Take the features and per- 
formance of your “‘Invader’’ . . . add-the power and 
flexibility of this unique Viking ‘‘Hi-Power Conversion” 
system ...and you’re ‘‘on the air’ with the “Invader 
2000’’. Completely wired and tested, includes every- 
thing you need—no soldering necessary—complete 
the entire conversion in one evening. Cat. No. 240-303-2 


Figure 1: This is an original EFJ Invader ad from their 1963 catalog. 
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} Figure 2: The EF Johnson Invader 200’s Front Panel 


also offered an upgrade package to convert 
a standard Invader into an Invader 2000. 
The Invader and Invader 2000 were 
successfully marketed, as I currently own 
one of each. 
None of the items are light, but the 


separate power supply for the Invader 
2000 weighs over 100 pounds. The two 
transmitters are very similar up to the 
6146 tubes that are the finals in the 
Invader. They drive the built-in linear 
amplifier on the Invader 2000. 


Figure 3: The Invader 2000 had more front panel controls but a similar appearance. 


The paint on some Invaders did not adhere very well and problems have developed. 
Electric Radio #345 
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The Low-level Stages are Common 
to Both Invaders 

Both Invaders use the same design 
through the 12BY7 driver tube driving 
the pair of 6146 tubes. They use a 9.000 
MHz IF with a crystal filter to trim one 
sideband off of the output of the balanced 
modulator. The balanced modulator uses 
four 1N294 signal diodes to produce a 
double sideband signal with a suppressed 
carrier. A 12AU7 tube is used to make 
two carrier oscillators; one at 8998.5 
MHz and one on 9001.5 MHz. The 
mode switch applies negative DC bias to 
the oscillator not currently chosen. The 
microphone audio and the phone patch 
input is amplified by two stages of 12AT7 
and the triode portion of a 6U8 
configured as voltage amplifiers. The 
crystal lattice filter follows the balanced 
modulator and the output of the crystal 
lattice filter is followed by a 6AH6 


pentode tube operating as an IF amplifier 


at9 20), MiFIZ, 

The 9.0 MHz SSB/CW signal next 
goes to a pentode section of a 6CX8, 
which mixes it with the heterodyne 
oscillator on all bands except 80 and 20 
meters because those two bands do not 
use a heterodyne oscillator; 80 and 20 
meters use the 9.0 MHz IF and the 5.5 to 
4.9 MHz VFO to make 3.5-4.1 and 
14.5-13.9 MHz signals directly. The 
mixer stage just passes the 9.0 MHz IF 
signal straight through. 

40 meters mixes the 9.0 MHz signal 
with 21.5 MHz to make a 12.5 MHz 
output. 

On 15 meters a 25.0 MHz crystal is 
mixed to give an output of 16.0 MHz. 
The same 25.0 MHz crystal is used on 
the middle section of 10 meters to give an 
output of 34.0 MHz. 

The balance of the 10 meter band is 
reached with two crystals, a 24.5 and 
25.6 MHz crystals giving outputs of 33.5 
and 34.6 MHz. 


Figure 4: The EF Johnson Invader 200 top-chassis, note the power supply in the upper- 


right side. 
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Figure 5: The Invader 2000 chassis is nearly identical with the “200 in the low-level 


stages at the left. Note the linear power amplifier under the perforated cover on the 
right side, replacing the Invader 200’s power supply area. 


The crystals listed use the triode in the 
6CX8 triode-pentode where the pentode 
section is the mixer as the heterodyne 
oscillator. 

A 6AH6 pentode tube serves as the 
mixer, adding the VFO to the various 
outputs to heterodyne the signal to the 
80/75 and 10 meter ham bands. 10 meters 
is fully covered with no need to purchase 
optional crystals in three segments; they 
are 26: 09001 28.6 MHz;).28.5) tom2251 
MHz, and 29.1 to 29.7 MHz. 

The Invaders are built so the internal 
VFO tunes down in frequency when 
tuning clockwise and that moves the dial 
pointer from the left to the right. In the 
instruction manuals, Johnson lists the 
VFO as covering 5.5 to 4.9 MHz, which 
implies that the VFO tunes down in 
frequency when turning clockwise; this 
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is never explained or described in the 
instruction manuals, but the chart 
showing the frequency coverage correctly 
indicated which direction the Invaders 
tune in on each band. 

A straight through 12BY7 driver tube 
drives a pair of 6146 tubes used as final 
amplifiers in the base Invader. The 
loading switch has a position for the pair 
of 6146 tubes to drive the internal linear 
amplifier in the Invader 2000. The 
switching of the RF signal is internally 
handled as is the correct loading settings 
to match the 200 ohm passive grid input 
to the pair of PL-175 tubes. The loading 
switch has a position marked “AMP” 
when turned all the way clockwise; this is 
the setting for the 6146 tubes to drive the 


internal linear amplifier directly. 
The Johnson Invader and Invader 2000 
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tune in different directions on different . 


bands; many other popular radios of the 
era do the same thing, such as the Drake 
TR-3 and TR-4, Galaxy III and V, the 
National NCX-3 and NCX-5, the Swan 
240 and Eico 753, plus many other radios 
do the same thing. The Invaders tune 
higher in frequency when going to the 
right on 80 and 10 meters; the same 
action movers you lower in frequency on 
40, 20, and 15 meters. 

The Invader, due to the frequency 
mixing scheme, changes sidebands when 
changing bands; however, it uses sections 
on the bandswitch to shift the sideband 
so the LSB and USB selections chosen do 
not appear to the user to have changed 
when changing bands. 

The Invaders do not have any inputs or 
outputs that would be useful for 
transceiving with any type of receiver. EF 
Johnson did not build any receivers and 
none of their transmitters was capable of 
transceiving with any receivers made by 
anyone. The VOX circuitry in the 
Johnson Invaders is very conventional 
and has the usual three controls, VOX 
gain, VOX time delay, and anti-trip. 

AM operation is achieved by reinserting 
an appropriate amount of carrier to an 
upper sideband signal to create a signal 
with a carrier that can be detected like a 
standard AM signal. 

The Invader 2000’s AC Power 
Connections can be Deadly: 
An Important Safety Warning 

The Johnson Invader and Invader 2000 
have somewhat unusual and possibly 
lethal AC power input connections. The 
lower-power Invader 200 power supply 
operates only from 115-125 VAC and 
the power input is totally isolated from 
ground. It has no issues that I see. The 
Invader 2000 came factory wired for 230- 
240 VAC using the standard three-wire- 
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plus-ground wiring system. Somewhat 
unusual is that the Invader 2000 has the 
neutral conductor of the 240 VAC input 
connected to safety ground. Normally, 
the neutral is at ground potential, but it 
should be grounded ONLY at the breaker 
panel, NOT in the equipment. 

Much more scary is the Johnson plan 
for powering the Invader 2000 from 120 
VAC. Once the unit is internally changed 
to the 120 VAC wiring configuration, 
the line is connected with one side to the 
two inputs for the hot wires from the 220 
VAC line and the other side of the AC 
line to the neutral connection from the 
240 VAC line, which is also connected to 
the common ground of the Invader 2000. 
This means that one side of the AC line 
is connected to the chassis and cabinet of 
the Invader 2000. It is VERY important 
that the NEUTRAL side of the 120 VAC 
line be connected to the NEUTRAL and 
GROUND terminals of the AC line input 
to prevent shock hazard and possible 
fireworks not protected by fuses in the 
Invader 2000. I don’t know if the Invader 
2000 is an Underwriters Laboratories 
approved product, but I am quite sure it 
would not secure their approval today. 
Looking at the design of the Johnson 
Invader 2000, it should be possible with 
a little bit of work to isolate the 
NEUTRAL wiring from the common 
GROUND. Why Johnson did not do 
this is a mystery. 

The Internal 2000 Watt Linear 
Power Amplifier 

The Johnson Invader 2000 has an 
internal 2 kW linear power amplifier 
stage using a pair of PL-175 power tetrode 
tubes in parallel. The stage is driven in 
the normal grounded-cathode mode by 
the pair of 6146 tubes as used on the 
basic Invader chassis. The grid features a 
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of five 1000-ohm, 10 watt, non-inductive 
resistors eliminating any need to 
neutralize the stage. To convert an 
Invader 200 into an Invader 2000, the 
power supply unit must removed and 
placed inside the large and heavy external 
power supply for the 2000 watt amplifier. 
Multiple cables connect the AC power 
supply unit with the Invader RF unit. 

NOTE: The neutral power input wire ts 
directly connected to the chassis common 
ground of the AC power supply unit. 

A T/R Switch or Antenna Relay is 

Not Built-In 

The Johnson Invader and Invader 2000 
do not have a built-in antenna relay or 
transmit/receive switch. Johnson did 
build a fairly popular T/R switch as an 
accessory item; the instruction manuals 
recommend the T/R switch due 
particularly for its fast switching that can 
be used with the semi break-in CW 
operation of the Invaders. The Invader 
2000 has two RF outputs, one for the 
output from the pair of 6146 tubes anda 
separate output from the built-in linear 
amplifier. The user must provide a coaxial 
switch or relay to move between the 200 
or 2000 watt input final stage to use the 
two different power levels. For a rig as 
expensive as these radios were, perhaps 
Johnson should have included a transmit- 
receive switching system with a switch or 
relay that would change between high 
and low power operation. The means to 
switch to the output of the 6146s to drive 
the PL-175s when running at the 2000 
watt input power level is built-in and 
activated by turning the loading control 
for the 6146 stage clockwise until the 
word “AMP” appears in the small window 
low on the front panel that shows where 
the switch selecting the extra loading 
Capacitors is set. 
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The Invader’s Summary 

The EF Johnson Invader and Invader 
2000 were very attractive independent 
SSB-CW-AM transmitters running about 
200 or 2000 watts PEP input on the 80/ 
75, 40, 20, 15, and 10 meter bands. 

The original design will drive a ground 
fault interrupted (GFI) outlet crazy. 

The transmitter would not transceive 
with any receiver and has no provisions 
to do so. The 200 watt input PEP version 
cost $619.95; the 2000 watt version with 
a built-in linear amplifier sold for 
$1229.95 and a kit to upgrade the 200 
watt version to the 2000 watt version 


sold for $619.95. 


[Editor’s Comments: Invaders sound 
great, but modern-day users should be 
alert to be sure an Invader 2000 is wired 
safely so that no lethal shock hazard is 


present, as George says. 

Also, after the high-power PL-175 was 
discontinued, Johnson converted the 
Invader 2000 PA to use two Eimac 4- 
400A tubes. This required some changes 
to the electrode bias voltages, and changes 
in the unique mode and load switching 
arrangements that George mentions in 
the text. Not all of these changes were 
well documented, but there may have 
been some “pink sheet” revisions issued. 
Changing an earlier Invader 2000 to use 
4-400A tubes can be difficult because of 
these undocumented changes and the 
unit-to-unit wiring might be different. 
The bias voltages for the Johnson 
Thunderbolt’s 4-400A PA are very 
similar, if not identical, but the Invader 
2000’s mode switching is a definite 
challenge. The PL-175 is basically not 
available; they seem to have vanished 
from the planet.] 


Et 
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Not Another 2200 - 630M Junkbox Rig! 
Part 2, the Transmitter 


By Mike Murphy, WU2D 
38 N. Reading St. 
Manchester, NH 03104 
mjmurphy45@comcast.net 


If you read about our new low frequency 
bands in part 1, you also know that this 
next installment is all about building up 
a transmitter. Over the years a good many 
of the excellent projects presented in 
Electric Radio have followed the KISS 
principle, involving a couple or maybe a 
handful of tubes. But there have been a 
few of those “that guy went loco” 
constructions too, demonstrating the 
fruits and lessons of lifelong construction 
experience and efforts. The various 
handbooks published many impressive 
“lab efforts.” Remember the HBR 
receiver? The HBRs were practical and 
fairly complex projects, which included 
some advanced features like band 
switching and calibration; usually only 
found only in commercial builds and 
kits. But detail, testing and experience 
was presented, and over time enough 
examples were produced for the HBRs to 
actually become collectable in their own 
right. So what would I build on this 
journey? Knowing next to nothing about 
these frequencies, I knew this was going 
to get interesting. 

I settled on trying to design and build 
a CW transmitter for the new LF bands 
at the 100 watt output level, which I 
hoped was, a practical entry level: 
Producing the kind of detail to virtually 
guarantee results in the Heathkit tradition 
was going to take months of work. I did 
not want to take the time to produce a 
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super detailed parts list. These usually 
only kick off a frustrating and unending 
search mission for the expensive and 
unobtainable anyway. This “use the exact 
part approach” is really not really “junk 
box construction,” and I did not want to 
oversimplify or go with a general idea 
article, lacking physical detail or 
schematics. I realize that you could have 
a low frequency transmitter or converter 
for one of the bands built up over a 
couple of weekends, if you stuck with a 
couple of tubes and a crystal on a chassis 
and hopefully these projects will come 
forth in ER. So I went midway, deciding 
to present a fairly complete project with 
real decision points, and graphically 
revealing failures and compromises along 
the way, and providing sufficient 
schematic detail to produce a real LF 
station transmitter. This is definitely junk 
box construction; but utilizing state of 
the art CW transmitter principles and 
features, circa 1957. Think of this as a 
CW-only LF Viking. It all should be 
familiar, including the problems! 
Keying 

Certainly cathode keying can be used 
in a CW-only transmitter, but I decided 
on the often copied Johnson grid-blocked 
keyer circuit using a 12AU7. I also 
included the requisite 6AQ5 clamper tube 
for finals protection seen in many 
transmitters of this era, including the 
Rangers and Apaches. This demanded 
that I include a negative bias supply; but 
really, any CW transmitter beyond the 
very simple jobs, should probably be using 
some fixed bias anyway. 
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QRSS 

One popular mode on the low bands is 
a form of CW called “QRSS.” This is 
really just super slowed-down CW. The 
letters QRSS comes from the CW Q- 
Signal QRS for “Please lower your code 
speed.” By using extremely slow CW,, it is 
possible to use a computer and software 
to extract the CW characters from below 
the noise floor allowing for tremendous 
range under noisy conditions and low 
power. Morse code element lengths of 10 
to 60 seconds-per-dot are commonly 
used. Sending this slow is difficult by 
hand but some Extra Class AM operators 
who are learning CW for the first time 
actually do pretty well! The obvious 
benefit is even longer ragchews and nets; 
some lasting days. OK, I know that this 
all sounds silly, but if you should want to 
key the rig with a solid state contraption, 
the negative 100 volts on the key line can 
be problematic, so a simple photo 
transistor interface can be added which 
will allow a digital signal of 3.3 or 5 VDC 
to key the rig. 

Components 

When contemplating the design, | 
began thinking about the final tank 
components first. | imagined that would 
need a pretty big tank coil and that the 
variables would have much larger 
capacitance than for the high bands. I am 
not a fan of the classic hot tank with link 
output or plug-in assemblies, although at 
these frequencies this approach is 
probably easier to get working. Plug-in 
assemblies actually make more sense than 
band switching from the front panel for 
just two bands! But, reaching ina pulling 
out tank components is decidedly 1930's 
thinking. I also wanted choke coupling 
so the tank was cold to DC, a safety 
feature. This decision caused some 
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effective plate choke looks like at these 
frequencies? State-of-the art by 1957 is 
clearly Pi-network, so I went with a 
conventional Pi output and scrounged 
what looked like good tank parts at the 
Nearfester. I spotted a big 1800 pF 
transmitting variable from under a table 
for 2 bucks, a big ART-13 coil -freebee 
from KW1I, and extracted a 5 section 
loading capacitor measured at 2000 pF, 
from a junked surplus Bendix RDF. 
Junk-Box Contemplation 

What is a junk box? “Not fair — he has 
a fat junk box. You should see his junk 
box! If I had his junk box...” Actually 
your junk box is much more than a single 
box; it represents a lifetime collective of 
failed projects, discarded electronics, 
donated, Elmer and silent key hauls, 
dump pickings, and auction items, and 
bonus: forgotten but useful parts in deep 
hiding. If you are going to make a true 
junk box rig, you need to follow the basic 
junk box rules, which I have thoughtfully 
collected for your enjoyment. 

1. At least 50% of the project has to 
come from your junk box. 

2. The other 0-50% has to come from 
someone else’s junk box. 

3. Buying “New” parts must strictly be 
kept to a minimum. Cost goal: Zero. 
Beg, borrow, steal, cajole. Some hams 
(and their XYLs) are more than willing to 
donate to your cause. 

4, Foundation: an old picked over 
project or chassis represents time saved. 

5. Speed Kills. Get on with it. Start. 
Formal planning, drawings and layout 
should be limited. 

6. Think like a modern painter and see 
the parts and panel layout as a free-form 
expression, and start drilling! Use your 
muscle memory rather than your ruler. 

7. A larger chassis, logically, can fit 
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oversized parts. Bigger 
is always better. 

8. Make use of 
existing blemishes and 
wayward holes when 
possible. Somebody 
else is saving you time 
when they made that 
tube socket hole. It 
looks Wire 
Brushes are wonderful. 
Paint hides everything. 
Glue is a fastener. 


fine. 


9, Your chassis tools 
are fine too. Rat-tail 


files 
Woodworking tools 


save time. 


are great. 


10. And finally — The step drill is a gift 
from God. 

The particular transmitter chassis here 
is a story in itself. I was just getting ready 
to leave Nearfest 2017, the fall edition, 
on a gorgeous day, when I spotted Larry, 
NE1S, dropping an old 19" rack panel 
and aluminum chassis on the FREE pile 
near the pig barn. I quickly ran over and 
grabbed it hoping that he would see me. 
I never thought in a million years that 
Larry ever threw anything away, and I 
wanted to make a big show. Well, it 
turned out that the chassis and panel 
were full of holes, and yes it was terribly 
corroded and filthy mess - but I had it. 

Power 

A transmitter is only as good as its 
bones, which includes the chassis, front 
panel, cabinet and parts, like the ceramic 
switches, tube sockets, variables, 
inductors and of course, the power supply. 
With an internal power supply, (another 
1957 transmitter feature) the transformer 
becomes a big issue. Size and weight, and 
consideration of noise pickup, heat, 
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Figure 1: A collection of junk box parts were gathered. 


balance and weight distribution all play 
into the decision on how and where to 
mount it. A junk box rig generally gets a 
junk box transformer, and not something 
you pay 150 dollars plus shipping for. 
Prospective candidates range from old 
transformers lifted out of test equipment, 
TV’s, amplifiers and of course, surplus! 
It is probably a good idea to test your 
transformer on the bench before 
butchering metal. The last thing you 
need is a surprise after cutting a big hole 
in a chassis. I have been there and have 
made the plates to cover these errors. 
Here is the setup that I use for both AC 
and DC measurements: A Variac with a 
3 Amp fast blow fuse, A built up diode 
bridge using 1N5408’s or equivalent, a 
10 pF Oil cap with at least a 2000V 
rating, a 50K 50W bleeder. Finally you 
need a good HV test leads and a Voltmeter 
or VIVM (capable of 2000 V) and an 
assortment of power resistors for loads to 
simulate key down power. 

My candidate transformer came out of 
an old lab power supply and it looked to 
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be TV transformer quality. The power 
supply said 400VDC at 100 mA. I 
removed the transformer and checked 
the various leads with an Ohmmeter and 
marked them. I identified the primary 
and HV leads. Looks like I had a couple 
of very high current 6.3V windings, a 5V 
winding for a 5U4 rectifier and finally a 
center tapped HV winding. First I 
measured the unloaded AC and 
determined that it was about 750VAC 
CT. You certainly can check power with 
AC, but I like to do it with DC, like it will 
be in the rig. Taking into consideration 
my bleeder and loading the output with 
a 3.3K 200W load, I got 770VDC at 
0.234A. There definitely was some droop, 
but this equates to about 180 Watts. I let 
it cook for 15 minutes. I was satisfied 
that this would be sufficient for a lOOW 
class, CW transmitter. It was only after 
doing all of this work that I spotted the 
UTC-5 marking on top under some crud. 


“Honey, I said ‘RED to CHASSIS” 
(Original Artwork by Shane C. Murphy for this Article) 
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I could have just looked it up! Whatever 
the rating, we can consider a 50% 
improvement over HV current ratings in 
strict CW service. 
Safety 

I have to provide a safety discussion 
since these high voltage circuits can really 
be deadly. Did you hear the one about 
the two hams that were arguing about 
high voltage safety and one gentleman 
said that he always kept one hand in his 
back pocket around an open transmitter? 
Not to be outdone, the other guy says “I 
keep both hands in my back pockets”. 
Then the first guy says “how do you 
actually turn it on and measure anything 
then?” “Oh I get the XYL to come down 
~ I hate working with high voltage.” The 
majority of the circuits in this rig run on 
the medium voltage, so why have the 
high voltage active during the “bring up” 
process? By simply disconnecting the top 
of the bridge from the top of the input 
capacitor stack, the 
caps never charge and 
the HV is not present. 
Inasimple “economy” 
supply, the two 
bottom diodes will still 
conduct and you get 
medium voltage in 
conventional full wave 
so the 370 VDC and 
two, | TSO pV Oe 
regulated supplies and 
the -150VDC bias 
supply all function as 
normal. This allows 
you to bring up the 
low level circuits 


without the really high 
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voltage present. The split between the. 


bridge and the capacitors would 
eventually become the place I would put 
a relay anda power resistor thus producing 
a Tune and Operate switch for the front 
panel. Don’t become complacent; a 
larger, longer-term project meansa higher 
risk of exposure to HV circuits till all is 
“right” and it can be safely buttoned up 
in the rack or cabinet. I did not do an RF 
cage — you may want to. 
VXO Stability 

These are very tight allocations; 135.7- 
137.8 kHz and 472-479 kHz, akin toa 
BEFO or PTO (PTO: - Hmmm). *1 
mentioned in part 1 that I had decided 
on a heterodyne VXO with two HF 
crystals beating against each other to 
produce the LF signals. This promised to 
provide stability afforded by running the 
VXO continuously as well as allowing 
stable crystal grid blocked keying of the 
fixed oscillators. If the crystals are all of 
the same type, one can expect some benefit 
from drift cancellation as well. Variations 
on this circuit exist in the world, some 
solid state and some using one tube, like 
a OCXS: 

We assume this VXO idea works, but 
have you actually tried to make a VXO 
standard pentodey ECO 
arrangement? The most common circuits 
utilize a series L and C to ground, off the 
bottom of the crystal. (See Figure 3.) 
These are set up to be roughly resonant at 


with a 


mid-mesh of the variable, thus allowing 
the crystal to be pulled either side of 
center. The tuning variable can be 
anything from 140 to 365 pF and a 
vernier is always a nice feature on a VXO. 
The inductor should be high Q and for 6 
to 8 MHz crystals, a value of 15 to 22 pH 
seems to work best. Appropriate inductors 
can be made of Miniductor, wound on 
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slug-tuned forms, or on a suitable 
powdered iron toroid such as T-50-2. 
Those little 79 cent high frequency ferrite 
core inductors, normally used for 
switching power supplies can also be 
utilized, as I did. Rolling your own has to 
be better than saying something to readers 
like “scramble wind 25 turns of 28 AWG 
7-36 Litz wire occupying %” on a 4” 
ceramic form with powdered iron red 
slug part number (IVF) 2060-4 for $6.00 
plus shipping from Surplus Plus of 
Mineola,” and it turns out that they are 
out of stock just today of that particular 
item? 

Practical results with a standard circuit 
as described, using a GAUG, GBAG, or a 
6CL6 with a 7 MHz FT-243 that has 
normal activity, should produce 2 kHz of 
tuning range in both bands. An HC-6 
will produce double this and an HC-49, 
should allow 10 kHz or more. My build, 
which was based on all FT-243 surplus 
crystals, gave 2.5 kHz of delta, enough to 
handle the CW portions in both bands. 
If you have the luxury of using a 1 dollar 
computer grade HC-49 in the VXO with 
no socket, things go easier. If you have to 
grind FT-243 blanks to get them on 
frequency— grind the fixed oscillator 
rocks, not the VXO rock. Other common 
sense tips include keeping the leads to the 
band-switched crystals as short as possible 
and scaling the Colpitts feedback 
capacitors to the lowest values that give 
good oscillation. 

Notice that the output of the 6BEG 
converter is handled like a product 
detector with a simple 500 kHz low-pass 
filter rather than with band-switched 
tuned circuits. This is effective, but the 
second and third harmonics of 137 kHz 
are within this passband, so make sure 
that the driver tuned circuit is resonated 
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to the fundamental and not one of these 
spurs. All of the normal problems 
associated with crystals hold, and I have 
to admit that fooling with the FT-243 
crystals did take a lot more time than | 
expected. Notice that I used two 150V 
regulator tubes, one for each oscillator; 
probably overkill. Finally, observe the 
long term drift, and if required, make 
necessary adjustments with negative or 
positive coefficient capacitors on each 
crystal. 
Driver 

The GAQ5S driver is conventional class 
A with grid block keying, and with plate 
circuits centered on the output bands. I 
used the local oscillator coil out of an old 
superhet with a chunk of ferrite rod glued 
in for 630 meters and a ferrite loaded TV 
flyback coil of some kind, to hit 135 kHz. 
Look for big ugly slug tuned coils with 
lots of turns that you never use in your 
junk box. I got an adjustable 0-75 VAC 
drive into a 22K load representing the 
6146 grids at 137 kHz and 472 kHz; 
plenty of drive. As an experiment, | 
replaced the 47K “product detector” 
resistor with a 4.5 mH choke which 
increased drive to 80 VAC! 

Parasites 

This is low frequency, basically audio 
stuff, but these tubes are capable of 
oscillating at embarrassingly high 
frequencies; so we will need to add some 
lossy elements like 15 Ohm resistors and 
magic beads here and there, as with any 
transmitter. I also had a bunch of clipped 
out 0.01 1kV ceramic disks saved in a 
Sucrets box, and I was not afraid to use 
them — bypass everything. Even I wink at 
neutralization at these frequencies. There 
have been many methods for neutralizing 
tube rigs published over the years and 
this being a classic 6146-pair tetrode job, 
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the conventional proportion split-C grid 
feedback system can be simply scaled up 
to function. Standard plate cap parasitic 
suppressors were fashioned. Finally I 
should mention that a Pi output network 
is a flexible and practical approach for 
transferring power to the load, but as 
with our HF transmitters, a simple Pi- 
net is no guarantee of sufficient harmonic 
suppression. 
Keyer and Clamper 

Iam not going to go over these circuits 
as they are covered nicely in the literature 
and on-line. Suffice it to say that these 
features are effective. Adjust the keyer 
pot for a clean note and the clamper pot 
for clamping the 6146 screens to ground, 
should protective Class-C bias be 
suddenly lost. 

Metering 

The difference between a weekend 
project with a tube or two ona cake pan, 
and a larger project taking weeks or 
months to complete, can sometimes be 
explained by the addition of a few pet 
complications. These include the keyer 
and clamping circuits, negative bias, and 
built in test features. This takes you a bit 
beyond an NE-2 and a simple plate 
current meter. My thinking was, if it is 
going to take that long to complete, why 
not add some basic commercial rig 
features? I left room for expansion on the 
metering with a dual pole 8 position 
switch. I presently have 5 of the positions 
active: HV Monitoring, LV Monitoring, 
Final Grid Current, Final Plate Current 
and RF Output Current. Want to go 
further? Add Final Screen Current, 
Negative Bias Monitoring and SWR. 

RF Output Monitor 

This circuit deserves some explanation 
since it is somewhat novel, using a GAV6 
receiver tube. Most relative signal strength 
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RE monitors are simply a voltage divider . 


off the output into a diode driving the 
meter. My Heath Marauder transmitter 
uses this circuit for instance, and it is 
effective as long as you have a decent 
match. I was going for RF current, so an 
estimate of actual power out could be 
had. I had to break my 1957 rule and 
used a more modern pickup; the current 
transformer. This common circuit uses a 
toroid transformer and a Schottky or 
Germanium diode measuring peak 
voltage across a non-inductive resistor. 
This can be calibrated. The problem was 
getting enough RF voltage into the diode 
to get a linear response with a 1 mA 
movement. Most of the diode circuits 
work with 50 or 100 pA full scale meters. 
A very common dual triode 12AU7 
differential amplifier driving the meter 
would work fine taking the DC from the 
diode detector and amplifying it for a 
meter. The problem was, I simply ran 
out of room to mount an additional 9 pin 
socket for V10! I found an archaic circuit 
in the wartime Radio Handbook that 
showed a circuit for a VITVM using a 
6SQ7. My circuit is a somewhat 
modernized version of that, and it only 
requires a single 7 pin tube, a 6AV6 or 
GATO6. Basically, the toroid and non- 
inductive resistor idea remains, but 
instead of a solid state detector, the 
6AV6’s detector produces DC in negative 
AGC fashion, which gets DC amplified 
by the triode which has its output set up 
in a simple bridge so the meter can be 
scaled and zeroed. The circuit is running 
off 150 VDC regulated voltage. The “gain 
calibration” is simply set by the resistor 
value and it will be something between 
39 and 100 ohms depending on the toroid 
and number of turns. This resistor simply 
turns AC current into AC voltage, which 
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gets detected and DC amplified to drive 
the meter. 
The Output Tank and 
Band Switching 

These low frequencies really test 
conventional thinking. The thought of 
2000 pF and higher tuning capacitance 
just seems extreme. Before we get there 
however, we should consider the plate 
choke and blocking capacitor values. You 
may already have a feeling that a 2.5 mH 
choke and .005 pF 3kV capacitor, as we 
use on most 80m -10m transmitters, 
might not be right for 2200m! Electric 
Radio had an excellent article by Dave 
Gordon-Smith (G3UUR) in June 2008 
carefully explaining how the choke and 
capacitor work in an amplifier feeding 
the tank, complete with critical 
(minimum) value calculations. It turns 
out that the choke must have enough 
inductance to kick power into the network 
during the Class-C off cycle in the lowest 
operating band. Otherwise the efficiency 
of the amplifier will greatly suffer. 
Additional problems involving the 
degradation of Q and overall purity of 
the amplifier in regard to harmonics will 
also emerge if the choke does not have 
enough inductance. As with the choke, 
there is also a critical minimum value of 
capacitance required for the blocking 
capacitor. Should these components be 
undersized, the difference must be made 
up by additional drive, and retuning of 
the network to match the compromised 
impedance. On the other hand, you can 
always increase values well beyond critical 
to maximize efficiency, with the caveat 
that you have to check for self-resonance 
of the choke in the higher bands. 

[Editor’s Note: Mike’s article 
concludes next month with part 3!] 
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What is a Transceiver? 


By Capt. Larry Rau, WOWUH 
Occidental, CA 
blimpboy@sonic.net 


Many different types of radios are 
commonly called “transceivers.” 

A receiver and a transmitter in a 
common box, or one that shares many 
common circuit elements are both 
referred to as transceivers — so what gives? 

Basic Questions 

Where did the idea of the transceiver 
come from? 

What was a transceiver supposed to 
do? 

When was the transceiver developed? 

How has the transceiver evolved? 

The Transceiver Concept 

The need and desire for a self- 
contained, portable, two-way radio 
spurred radio designers in the 1920s and 
1930s. In the depression, the twin devils 
of high parts cost and low parts 
availability made simplicity, economy, 
and efficiency paramount. 

Clever radio designers — read “amateur 
experimenters” — soon realized that 
sharing common elements between a 
receiver and transmitter reduced parts 
count, cost, and the drain on short-lived, 
expensive dry-cell batteries. 

Defining Features 

Shared circuit elements is the first 
defining feature of transceivers, as 
opposed to portable radio sets like the 
Army’s pack mule radio sets of the WWI 
era, and all that have followed with 
separate RX/TX units combined into a 
2-way system. 

The transceiver emission type began 
with CW in the late 1920s and then soon 
encompassed phone using the combined 
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AM/FM output from modulated 
oscillators. This is a telling point 
historically and technically in the 
development of the transceiver concept. 

Pivotal here is the use of a single active 
element — an oscillating power tube — as 
both receiver and transmitter. The 
combined oscillating, amplifying, and 
mixing ( detection) functions in a single 
stage made the regenerative receiver the 
logical choice to meet the requirements 
of simplicity, portability, cheapness, and 
low power drain. 

The brilliant intellectual leap by 
amateur designers — that made the 
transceiver possible — was to re-purpose 
the same tube slightly, using the same 
(expensive) tuned circuit, tube, socket, 
and controls as a transmitter of the free 
running (variable) oscillator type had. 

The addition of an audio amplifier 
tube was a luxury in CW sets, but a 
practical one. Soon, experimenters 
realized this audio power could be used 
to modulate the transmitter, and the 
elegant two-tube phone transmitter was 
born. The combined AM and FM output 
of this modulated oscillator suited the 
regen detector fine. 

Function? 

These simple transceivers received and 
transmitted on the same frequency by 
necessity. This was a departure from the 
operating norm of that time, where 
transmitters were crystal controlled, and 
QSOs were on split frequencies more 
often than not, because crystals were 
handmade, expensive, and fragile. 

Channelization, VFOs, frequency 
accuracy, and zero-beating were a long 
way off in the future. Realize that these 
“crude” transceivers broke ground by 
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creating the expectation and possibility 
of using a common frequency at the turn 
of a dial. In the early 1930s only the 
richest hams might hope to achieve this! 
Common Circuits 

It is worthwhile to list the common 
circuit elements of the first transceivers. 
This helps us trace their evolution, and 
see how the family tree branched out, 
how the very definition what a transceiver 
is changed, and how it may come full 
circle using modern technology. 

Again, let’s make a list of the necessary 
elements: 

1. Antenna/Tank Tuned Circuit 

2. Frequency Determining Oscillator 

AUD etectOr 

4 Transmitter 

5. Audio Amplifier 

6. Power supply 

7. Antenna 

8. Cabinet 

Advent of the Superhet — a Fork in 

the Road 

The advent of the super heterodyne 
receiver ushered in many advances in 
radio. Elegant simplicity was not one of 
them however. 

Abandoning the “direct conversion” 
regenerative receiver made the original 
goals of the transceiver impossible to 
realize for decades. Low parts count, low 
cost, simplicity, low power drain, and 
relative portability went by the wayside. 

The Mobile “Transceiver” 

Enter the Mobile “transceiver,” a la 
Motorola. The demand for police and 
land mobile radios led to the development 
of channelized receivers and transmitters 
with co-joined controls, push-to-talk, 
which operated from 6 volt auto electrical 
systems. These were essentially an 
extension of the army mule pack set. 
With the advent of loctal and miniature 
tubes the separate Rx/Tx power supplies, 
and switching, were combined into a 


single box, yet the architecture was still 
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that of units with few if any common 
circuit elements. Tunable receivers exist 
in some iterations (marine and aviation) 
sometimes with selectable channel 
transmitter with crystal control. 
Frequency control remained the function 
of strictly separate circuits. It is worth 
noting that there is no commonality in 
power supply, audio, frequency 
generation, or RF circuits in the FM land 
mobile transceiver, and little in AM types. 
Citizens Band Transceivers 

The American citizens band transceiver 
(Class-D, 27 MHz AM) is a variation on 
the land mobile type, which incorporates 
2 or 3 of the original transceiver elements: 
common audio stages, and common 
power supply. Some also employed 
frequency synthesis — a crystal mixing 
scheme shared by both receiver and 
transmitter — to provide channelized 
operation. 

Here the audio stages and a special 
audio output transformer do double-duty 
as microphone amplifier and Heising 
choke modulation, or as a plate 
modulator. A common power supply 
provides all voltages. The transmitter and 
receiver remain separated, as are most RF 
path tuned circuits. 

Single Sideband 

With the emergence of filter-type single 
sideband transmitters, the next elegant 
leap became possible with heterodyned 
transmitter signal generation. These two 
new technologies in combination allowed 
the use of a single IF amplifier, shared 
between receiver and transmitter, with a 
common _ frequency-determining 
oscillator — a VFO in amateur and much 
military practice, but a fixed channelized 
oscillator in rail, airline, and marine 
services. 

So, in the approximately 25 years 
between 1929 and 1954, the phone 
transceiver became enormously more 
complex and capable, lost its self 
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contained power source, but regained 
many of the original attributes : acommon 
variable frequency control, the bulk of 
the Rx/Tx architecture sharing common 
IF and mixing integration, common audio 
and power supply, T/R switching, and in 
some cases a single-box construction 
method. 
Transistor Transceivers 

Transistor construction tends to 
obscure analysis of transceiver 
architecture, but it shouldn’t. Block 
diagrams help us here. Transistors 
eliminate the need for multiple elaborate 
power supplies, or at least multiple B+ 
supplies. This permitted more 
commonality, permitted miniaturization 
and elimination of heavy iron 
components. Transistorization restored 
the self-contained power source, a key 
element of the original transceiver 
concept. With the possible limited 
exception of the SBE 33/34, IF transistor 
architecture essentially followed that of 
tube-type SSB transceivers until those 
disappeared. 

Complexity 

Clearly the complexity of transceivers 
has grown exponentially over time, as 
has their capability by every technical 
measure. So much so, that some may 
argue that it is this complexity which 
now defines what a transceiver is ! 

Large scale integrated circuits, chip 
components, robot construction, and 
digital techniques now combine to make 
possible postage stamp sized transceivers 
with many hundreds of transistors, 
microscopic tuned components, and the 
astounding capacity to communicate 
world wide via satellites. 

What’s Next for Hams? 

Not surprisingly, new components, and 
new ways of using old ones, point to a 
future where savvy experimenters can 
still craft radio transceivers of elegant 
simplicity, at minimal expense, which 
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can meet modern standards reasonably 
well. Necessity and inventiveness created 
the Transceiver concept. Perhaps the 
challenge of creating something of elegant 
simplicity lives on? 
DSB Direct Conversion Phone 
Transceiver 

Today, direct conversion receivers 
nearly mimic the simplicity of the regen, 
by sharing the VFO with a transmitter. 
Witness the Heath HW -7, 8, and 9 CW 
transceivers, and many crystal-controlled 
Altoid-can QRP CW transceivers. That 
this could be done using a DSB 
transmitter instead should be obvious. It 
is done in VHF HTs sold today. 

TRE —DSB Transceiver? 

Can a tuned RF amplifier, balanced 
modulator, a VFO and regenerative 
detector or direct conversion receiver be 
combined into an extremely simple 
sideband transceiver, that can be built at 
almost any power level? Yes. 

Clearly this can be done using either 
tubes, discrete transistors, integrated 
circuits, or any combination of these. 
Draw the block diagram, substitute basic 
circuits, work out of the bugs of 
integrating them, and “Bob’s your 
Uncle.” Mom said so. 

The trick is to remember the basic 
design features of the original transceiver, 
make every active component and tuned 
circuit do double duty. The receive RF 
amplifier becomes the PA. The VFO is 
shared. The audio is shared. You work on 
the detector and the balanced modulator. 
Most of us will say to use a detector chip 
and balanced modulator chip. Even if 
they are not shared, this isn’t cheating, 
until somebody finds a way to do both 
jobs with one chip ! Stranger things have 
happened. 


ER 
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Treasure at an Antique Mall 
(Restoration of a WWII BC-375 Transmitter) 


By Charlie Liberto, W4MEC 
mjcal77@yahoo.com 


A “Bomber Transmitter” is how my 
son Matt titled his email. In the message, 
Matt told me about a transmitter he 
found at the Waukegan (IL) antique mall 
while looking for furniture with his wife, 
Nickie. He said the tag on it said “bomber 
transmitter” and he emailed a picture. 
When I opened the picture it revealed a 
BC-375 in almost new condition. 

The BC-375 was the liaison 
transmitter, married to the BC-1348 
receiver, and was used in the B-17, B-25, 
B-24, and B-29 aircraft during World 
War II, but was replaced as the Collins 
ART-13, a tunable AM/CW transmitter, 
came on-line. This liaison transmitter 
was used to communicate with ground 


stations or control points, while the SCR- 
274 series gear, the famous “ARC-5,” 
was primarily aircraft-to-aircraft 
communications in bombers. 

My first thought was “Dollar signs, 
somebody is going to want an arm and a 
leg for this one.” I checked with my 
friend, Jon Weiner (K1 VVC), about BC- 
375s and asked what would be a good 
price for one in this shape. The first thing 
he asked was, “Does it have the tubes?” 

“Heck, I don’t know,” so I emailed my 
back to my son. 

He emailed back a couple weeks later 
on their next visit to the place, got 
permission to open the front access cover, 
and he sent a picture of four beautiful 
VT-4C tubes and a Type 25, looking 
brand new, sitting in their sockets. After 
a few more emails and a price suggestion 


This is my BC-375 in its as-found condition at the antique mall. 
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from Jon, I found that the price on the 
BC-375 was way more than reasonable, 
but I was not in a position to go get it or 
pay for it at that time. 

Bad fortune with a silver lining 
occurred when my son became very ill 
and my wife and I drove up from 
Waukegan, North Carolina, to be with 
him. His unknown, but lots of guesses by 
doctors, ailment thankfully went away 
with no after-effects. Then, we could 
have a nice visit with Matt and Nickie. 
One day he said, “Oh, by the way, let’s go 
look at the transmitter.” He didn’t have 
to ask me twice! 

After getting lost in the maze-like place, 
we found the transmitter sitting amongst 
a lot of military items and other stuff. I 
could tell right off that it was either never 
used, or minimally used, and it had the 
T-17 microphone and all three power/ 
control connectors plugged into the side 
of the unit, which had never been soldered 
to before. Other than a couple minor 
scrapes and a dent, it looked brand new 
for all practical purposes. I took a chance. 
The VT-4Cs are worth $150 each to an 
audiophile if they are good, so decided to 
buy it, and even got a discount for paying 
cash. If the transmitter was junk and the 
tubes were good, I could make almost 3 
times my outlay on just on the tubes 
alone — if I had to scrap it out. 

I did quite a bit of research on the BC- 
375, finding much information on the 
Internet, of course, and emailed back- 
and-forth with a couple of owners. It 
seems the main problem is frequency 
drift and poor modulation, and a serious 
FM’ing issue, but with careful tuning 
and running it at half-power, most of 
these problems are minimized. I got a 
copy of the manual from one of the 
military radio sites for free, printed out 
schematic first, but soon realized that the 
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parts list pages, along with the illustrated 
parts breakdown, was needed. 

The schematic didn’t call things “R5” 
or “C12” for example; they used a cryptic 
4 number sequence. Now that I could 
find the parts in the unit that the 
schematic referenced, I carefully removed 
the tubes and packed them away, pulled 
out the tuning unit that came with it, 
removed the back and top covers, to 
reveal 70-or-so years of dust, and then 
started going through the transmitter with 
an ohmmeter. 

The ohmmeter revealed no major 
problems; resistances looked about what 
I would expect. The BC-375 requires 24 
volts at around 7 amps just for the tube 
filaments and control relay, and 1000 
volts DC at up to 350 MA. Using jumpers, 
I applied 24 volts DC to the unit and 
checked the relay operation, and to see if 
the 24 volts was finding its way to ground 
anywhere. Everything worked fine. The 
TU-10 tuning unit (10 to 12.5 MC) that 
came with the transmitter looked out-of- 
the-crate new, as did the transmitter. In 
these transmitters, the tuning units 
contain all the oscillator and power 
amplifier’s resonant circuits, and, while 
the one I had would allow me to get on 30 
meters, I would need to find others to 
make it more flexible for ham use. 

With the tuning unit plugged in, and 
my homebrew 6-meter amplifier’s Variac- 
controlled high voltage supply hooked to 
PL59, the HV input jack on the side of 
the TX, I slowly ramped up to 1000 
VDC to see what would blow up - 
nothing did. 

At this point, I went back to my 
research, and, trying to be a purist with 
this TX, I decided to find a PE-73C 
dynamotor that would run the TX. This 
unit ran off the aircraft DC bus of 24 
volts. The dynamotor and transmitter 


February 2018 4] 


draw around 30 amps 
at full output. IfI could 
find a dynamotor, a 
source of 24 volts at 
30 amps had to be on 
the horizon. 

Well, eBay had a 
fellow with a new-in- 
the-crate PE-73C, 
priced higher than 
what I paid for the 
whole transmitter. I 
decided “No way bud, 
Pll run it off my 1 kV 
power supply before I 
do that.” Asking 
around on our local 
DX email chain, and 
posting a ‘WTB” on 
QTH.com, my friend 
Jon (KI1VVC) came through again and 
said that he had one that I can have, but 
it’s rough and in unknown electrical 
condition. You don’t look a gift horse 
like this in the mouth. When I got it 
home, it surely was rough looking, his 
description was correct, but after 
removing the end bells and top cover, 
this unit looked like it had never seen 
rotated the 
commutator, it turned freely, unlike some 
dynamotors I have overhauled that are 


much use either! I 


frozen solid with 70-year-old coagulated 
bearing grease. A precursory commutator 
check with the ohm meter looked good 
so, just to satisfy the kid in me, I bypassed 
the dynamotor contactor and powered it 
up with my brute-force Variac-controlled 
24 VDC bench supply and it took off like 
a scalded dog, making around 1160 VDC 
no-load, just like it should. 

My suspicions about this dynamotor 
were somewhat confirmed when I started 
to overhaul it. The huge dynamotor 
contactor did not work, but since it was 
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With the covers off, the dynamotor looked good. 


made in the days when things were 
supposed to be repaired, not replaced 
and thrown away, I took it apart. It was 
glaringly obvious that this contactor had 
never been activated because the large 
copper contacts had no marks, dents or 
burns on them — at all. The initial surge 
current drawn by the dynamotor from a 
cold start can be up to 50 amps, so there 
should have been a mark or two on those 
contacts. The solenoid coil that pulls in 
the contacts was open across the 


Commutator shows very little use. 
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terminals. My experience with never- 
used, new-old-stock stuff of this vintage 
is that it is usually something simple 
causing the problem. I cut away the 
shellac-covered cloth that wrapped 
around the solenoid coil right at the 
screw terminals, and, using my sharp- 
pointed ohmmeter probes, determined 
that the solenoid was good from one 
terminal, all the way through the coil, to 
the wire that attached to the other 
terminal, but was not actually connected 
to the terminal. Close examinations 
revealed that one terminal had a bad 
solder connection; the enamel had not 
been scraped off the magnet wire 
sufficiently enough for it to be soldered. 
I could see the solder making a little 
mountain with the enameled wire 
tunneling through it. I desoldered and 
scraped the wire, resoldered it, and 
checked with ohmmeter. It then read 40 
ohms just like the book calls for. 

Then it was time to remove the 
dynamotor commutator per the BC-375’s 
70-year-old instructions, clean out the 
70 year old grease, and repack the ball 
bearings with modern, high speed 
lubricant. Now, with it all assembled, | 
put it back on my 24 volt supply, shorted 
pin 57 of the control connector to ground 
to activate the contactor. The dynamotor 
contactor clunked home, my power 
supply strained to get the motor running, 
as the start current demand had my supply 
seriously overloaded, but it got up to 
speed and that 5000 RPM whirr was 
saying, “Hook me to my TX!” Well, that 
would require another parts safari at some 
point. 

With the electrical stuff seemingly 
working, I took a break on the electronics 
and went to my hammer and anvil to 
pound out all the dents in the dynamotor 
covers, then removed the loose and 
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This is the open solenoid coil. 


peeling-off paint and repainted it. I 
straightened out the top cover dent, the 
small one on the tube-access cover plate, 
and my hammer and anvil chorus was 
complete. While I was making like a 
blacksmith, I also investigated whether 
the big dent in the transmitter top cover 
corner tweaked the chassis of the 
transmitter. Discovered that the BC- 
375 transmitter frame is built from 1/2 
steel tubing, 
completely welded together, and that top 


inch chrome-moly 
cover dent was only cosmetic. It had no 
effect on the chassis alignment even 
though it was right on the corner of the 
transmitter frame. 

With metal work completed, it was 
time to put it all together and attempt to 
get the last bits and pieces. A fellow I had 
dealt with before on other vintage 
connectors had two NOS connectors, 
PLG61 and PL59 for the dynamotor, which 
are also the same connectors used on the 
other end that attach to the transmitter, 
which luckily came with the transmitter. 
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I received them in fine shape, and it was 
interconnecting cable-making time. With 
the cables made I was ready to go, but 
had no source of 24 volts at 30 amps, so 
that had to wait. My 24 volt power supply 
ran the filaments and relays OK, and I 
could use my 1kV supply for the source 
of the high voltage so it was time to see if 
the transmitter would actually work. I 
thought that if the rig worked out, maybe 
I should consider its future usefulness by 
doing a little research for availability and 
pricing on some more tuning units. I’m 
sure, unlike when I was a new ham, they 
will cost more than the $20 Fair Radio 
had them for, when you had to also buy 
their “grab bag” in order to meet their 
minimum order requirement. My initial 
thought was that the TU-6 would be the 
most difficult to find because it was the 
source of parts for so many homebrew 
amps and tuners over the years. 
Scouting out local connections and 
placing a “Wanted” ad on QTH.com, 
and checking eBay (ignoring the fellows 
that think those tuning units have 
platinum in them), I found a 160 meter 
TU-5, a 75-meter TU-6, and a 40 meter 
TU-9 that were available, and a couple 
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‘All the filaments are good, the tubes are glowing brightly. 
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more promised for free from friends. On 
the Old Friends Net, with my TU hunt 
known by the participants, a nice TU-6 
came from John (WB4BEFS), which had 
no front tuning chart bezel or tuning 
chart. By scanning and editing of another 
chart, I made my own. I used the bezel 
from ajunker TU that I had stashed, and 
made copies of the thumbscrews on my 
lathe for the missing ones, and it looks 
almost factory-built. After an internal 
inspection of the TU-6B, I lubed the 
shafts and mechanisms per the instruction 
manual. Component checks were made 
with an ohmmeter and it was time to see 
what happens. 

Step one, I made 24 VDC connections 
to my Variac-controlled supply. Step two, 
I hooked up the HV PS. Step three, put 
the tubes back in that were packed away. 

With the mode switch to AM, the 
filament selector to 24VDC, I brought 
up the 24 VDC slowly and all 5 tubes 
glowed back to life from what might have 
been a 70-year-sleep. Now that I knew 
the filaments were good, I turned down 
the power, switched to CW mode and 
ran up the 24 volts again. Only the 
oscillator and PA tubes were lit, the 
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modulator tubes were off, and the type 
25 was running on reduced filament 
voltage because it was not needed, but 
was still in the OSC/PA filament string. 
I set the filament voltage per the front- 
panel meter by the Variac and not the 
strapping options as instructed by the 
manual — to save time. With the HV on 
I brought up the Variac slowly, stopping 
-at 500 volts. Then went key-down and 
the transmitter’s change-over relay 
clanked home. I started tuning the TU- 
6’s oscillator to find my 75 meter signal 
since I did not have a calibrated tuning 
chart for this tuning unit to go by. The 
frequency swept by quickly as I listen on 
my receiver, and I returned to my spot. 
Again, per the instruction, | peak the 
transmitter, but was only getting about 
15 watts into my dummy load and no 
plate-current meter indication. When | 
released the key, I could still hear the 
transmitter oscillator beating against the 
BFO in my receiver. That should not be. 
One good observation though, I was 
expecting the frequency to wander off 
quickly since they are supposed to have 
drift issues. I was pleased to see that it was 
holding frequency pretty good from a 
dead-cold start. It was time to power- 
down and check what might be keeping 
the oscillator keyed all the time. 

I didn’t know it at the time, but I was 
heading down the wrong path on 
troubleshooting. My initial checks 
brought me to a capacitor; part number 
1152, a 100-pf, 600-VDC unit that was 
reading 200k to ground. My schematic 
indicated it should be open. At this point 
I discovered why this transmitter might 
not be one to leisurely fool with. It is 
almost impossible to remove some 
components from the unit. Quite a few 
have their mounting screws soldered to 
their terminal lugs and they only way to 
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get them out, after dredging up those 
good Navy adjectives for all occasions, is 
to back off the nuts from the most 
impossible locations. Luckily, this 
particular capacitor did not have its screw 
heads soldered to the terminal lugs, but I 
had to go to the auto parts store to find 
el-cheapo 11/32 and 5/16 inch ignition 
wrenches I could purchase in order to 
heat them with a torch and bend into a 
90 degree angle. I got one end of the cap 
unscrewed from its grounded aluminum 
standoff and pulled away one wire and its 
terminal lug, it now read open across the 
capacitor terminals, and the wire I 
removed from the standoff and ground 
charged up to over 100 Megs because of 
the other caps on that line. Well, 100 
Meg indicated an open-to-ground as far 
as I’m concerned. I totally removed the 
cap and I checked it with a cap analyzer. 
It was 100pf, dead-on value, so I put it on 
my 250-Megohm 600-volt tester. It read 
infinity on the ohmmeter. | dropped it, 
banged it on the desk, put 100 watts 
through it, and it still read 100pf and 
infinity. What gives? Maybe it had some 
kind of film on it that got removed by all 
my manipulations. Dave (K4SV) also 
suggested a conductive film or maybe 
something to do with soldering, like solder 
whiskers that may have grown over 72 
years. I washed down the whole 
transmitter with a brush and denatured 
alcohol just in case. I also ran a tap 
through the mounting holes, as the 14- 
inch long screws, necessary to remove, 
did not come out easily, they acted like 
they had been stretched and the thread 
pitch on the unexposed sections were 
different. I had to cut the head off of one 
and remove it from the other direction. 
The other one backed out, squeaking and 
hot all the way. 

While I pondered this capacitor and 
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not reinstalling it yet, I went on to the - 


plate meter problem. An ohmmeter check 
showed continuity through the meter, 
and I could see the meter needle flinch a 
bit when hit with the ohmmeter. Again, 
experience has taught me that there is 
probably a metal shaving stuck between 
the armature and the magnet, sticking 
the needle. After removing and 
disassembling (I just love repairable stuff) 
I could see a bit of metal filing stuck as 
expected. A thin, nonmagnetic tool was 
slipped into the armature/magnet area 
and the filing was pushed out. I don't 
know why these metal filings seem to 
remain inside meters after QA checks at 
the manufacturer, but for some reason 
they do, and can take years for them to 
work into position and hang up the 
movement. A bright light, a magnifying 
glass, and steady hands by either no coffee 
— or lots of coffee depending on your 
steadiness need — is required to operate 
on the meter movements. Blowing gently 
on the needle and watching its movement 
will confirm smooth, free operation and 
a successful repair. I reassembled the 
meter and put it back in the transmitter, 
and went back to pondering the mystery 
cap. 

Going back to the 200k-to-ground 
problem on the 100pf cap revealed that 
free Internet manuals are great unless 
you are fooled by a schematic drawing 
that is not totally clear. For some reason, 
the designers decided that a series string 
of resistors had to be grounded via a wire 
that ran into the wire harness, over, 
around, and through to the other side of 
the chassis, to be connected on the 
grounded side of my 100pf “bad cap” 
through its chassis-mounted aluminum 
standoff. That wire I removed 
backtracked to, guess what, a 200k 
resistor. The other side of that resistor 
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headed in two directions, one being a 
similar roundabout path as the ground 
wire, right back to the ungrounded side 
of that same 600pf cap! On my schematic, 
that wire looked like it just crossed over 
another on its way to the T/R relay, when 
in actuality, that smear on the crossover 
point was actually a dot, showing the two 
wires connected. With the two crossing 
wires connected on the print, it was 
obvious that the 600pf cap on the left 
side of the schematic had that 200k 
resistor on the right side of the schematic 
in parallel with it to ground. Oh well, 
detours allow you to see the scenery, and 
I did get to wander around looking 
thoroughly at all the innards of the 
transmitter. Then it was time to put 
everything back together to see ifit would 
tune and operate...wait, you're asking, 
“what about the keying problem with the 
constant carrier on un-key?” 

The B-minus connection for the BC- 
375 travels through pin 55 of the power 


connector, then through the plate meter, 


The “wandering ground wire” is on that 
right-hand resistor! 
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The power meter showed 105 watts out 
on each tube. 


eventually going to ground through the 
T/R relay when it is keyed. I was very 
careful to run my temporary jumpers and 
isolate the adjustable HV supply so that 
the B- that was at chassis ground on my 
power supply was not connected to the 
transmitter chassis, and the transmitter 
chassis was not grounded via my 24V 
supply. All went well until I hooked the 
coax lead from the transmitter over to my 
station antenna selector switch so I could 
use my dummy load. That connection 
brought B- to ground by connecting the 
BC-375 chassis to the grounded antenna 
selector switch, then on to my isolated 
power supply via the safety ground on 
the power plug. With that connection, 
the transmitter remained keyed even if 
the T/R relay was in receive. The simple 
solution was to just route the ungrounded 
dummy load to the BC-375, then press 
the key or PTT on the mic to key the 
transmitter like it was supposed to with 
no carrier generated on key-up. 

_ Testing time had finally arrived and I 
reviewed the tune up procedure many 
times, especially the antenna tuning and 
the many options available in the antenna 
tuner. Using only the oscillator and PA 
tube in place, along with the VI'25 since 
it was partially in the filament string, I 
started the procedure. After many 
adjustments, rereading the selection 
options for the various inductors and 
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capacitors, I was tuned on 75 meters and 
putting 105 watts into the dummy load. 
Since my tube checker could not test the 
VT4-Cs I took each in turn and placed it 
in the PA section, and each tube would 
tune to 105 watts output. I decided that 
I could safely say I lucked-out with the 
tubes in the transmitter since they were 
all good, I would say NOS. I tried the 
CW mode with a key, and the note was 
good, the frequency drift was in the 
minimal category, almost nonexistent 
after running for 30 minutes. 50% of the 
transmitter could be called usable. Now, 
it was on to the AM section. 

There is an article called Using the BC- 
375-E) Doday,. by »Henry) Rogers 
(WA7YBS) that can be found on the 
Internet and it is a must-read. He 
mentions checking the quality of the T- 
17 mic to eliminate it as the source of 
poor audio, and since the ‘375 came with 
one and I had 2 others, probably a mic 
checkout was in order. I brought out my 
Gonset 6 meter transceiver that had a 
“Xtal/Carbon” selector switch on the 
back, selected “Carbon,” and while 
monitoring on 50.4, I tried each of the 
mics in turn and picked the best sounding 
one to try on the BC-375. I tuned up the 
BC-375 in AM per the instructions, set 
modulator bias as directed, plugged in 
the mic, and gave a test count on 3715 kc 
with the transmitter on the dummy, and 
listened on a R-390A receiver In the 
above-mentioned article, you are warned 
that you will get “critical audio reports” 
if you run the rig exactly as the 
instructions say, and “critical” is a very 
nice word to use when you really want to 
say “To tell you it sounds awful would be 
an insult to the word awful!” It truly 
sounded terrible. I took the advice in 
Henry’s article, and utilizing my Icom 


T9OA handie-talkie tuned to 3715 kc, I 
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listened on its AM mode to a terrible. 


signal, then switched the HT to the FM 
mode, and was rewarded with FM 
broadcast-radio quality audio! “FM’ing” 
of these rigs is the #1 problem of the BC- 
375, and this proved it. Well, at least I 
had a picked a good T-17 mic. Now it 
was time to fully investigate all the 
suggestions that Henry pointed out. 

The number one problem causing 
“FM ing” is the lack of a well regulated 
B+ supply, and my 6 meter amplifier’s 
power supply wasn’t getting the job done. 
During testing, I was maintaining 1000V 
with the Variac as the load changed, but 
a dynamic load with the Variac set at a 
fixed point was another ball game 
altogether. Henry’s article recommended 
using the dynamotor. I decided to find a 
PE-73C dynamotor that could run the 
transmitter. This unit runs off of the 
aircraft's DC bus of 24 volts, and the 
dynamotor and transmitter draw around 
30 amps at full output. If I found a 
dynamotor, a source of 24 volts at 30 
amps had to be on the horizon. 

Since high current linear supplies are 
quite pricey, but switching supplies are 
not, I thought I should look into them. 
The fear that they would fold back and 
not recover and start up due to the 
dynamotor on its initial surge was a 
concern. I decided on a 24V, 30A supply 
that the supplier said had no RFI issues, 
after my friend Brian, KN&AR, told me 
about a method to handle the heavy start 
current. He said to place a 1 ohm resistor 
in line with the 24 volt supply and have 
a switch to bypass it when the dynamotor 
starts. I placed my order for the supply 
whose cost was cheaper than two good 12 
volt batteries in series and a heck of a lot 
cheaper than two AGM batteries of the 
proper current rating. When it arrived, I 
fired it up and gave a listen on HF with 
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my normal station receiver and it was 
noise-free. I then ran some #6 cabling I 
had to the dynamotor and new power 
supply. After confirming the new power 
supply worked and put out 24 volts, I 
tired the rig with a 60 amp fuse. The 
dynamotor contactor pulled in the PE- 
73C and all was well, the filament meter 
showed perfect adjustment and whoever 
set the filament links 70 years ago did a 
good job. I switched to AM, cut in the 
other two VT4-C tubes and it was spot- 
on too. I turned the rig off, put the 60 
amp fuse back in, and it was time to see 
if the 30 amps would do the trick. Well, 
the answer was yes-and-no. 

When I threw on the power switch the 
contactor clunked home, but the starting 
current was too great, the switching power 
supply shut down, the contactor dropped 
out, the power supply came back, the 
contactor pulled in, the power supply 
shut down, on and on, with the contactor 
going clickity-clack faster and faster until 
the dynamotor sped up enough to not 
demand more than 30 amps. Then it ran 
fine. Well, at least I didn’t blow up the 
power supply. 

I tried Brian’s idea of the 1 ohm resistor 
by putting together four- 4-ohm, 50- 
watt resistors that I had in parallel and in 
series with the power supply. I turned on 
the 24V power supply and it pumped out 
24 volts at 24 amps. The dynamotor 
started smoothly to about half speed. I 
jumpered across the resistors to bypass 
them and the supply handled the rig just 
fine. Needing components for another 
project, I added a 1-ohm, 50-watt unit 
that Mouser had to my order and waited. 
I picked 50 watts so that it would fit and 
it only is under load for a couple seconds 
before being bypassed. 

When it arrived, I wired it to the heavy 
24V lugs of the contactor, mounted it to 
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the bottom inside of the dynamotor 
control box chassis on the other side next 
to the contactor. Now, turning on the 
switching power supply brings the 
filaments to half voltage and dynamotor 
around half speed. Flipping on the BC- 
375 power switch pulls in the contactor 
and shorts out the 1 ohm resistor across 
its normally open contacts, giving full 
speed and full filament volts. I had a 
good-and-steady 1000 volts. The 
transmitter looked to be in perfect 
operating condition and it was time to 
get serious with BC-375 tuning. 

Tune up was easy. The rig loaded up 
just like the manual said it should. I 
experimented with the numerous tuning 
options. The BC-375 individual tuning 
unit themselves have only oscillator tun- 
ing, a band switch depending on model, 
plate tuning, and a 6 position load con- 
trol. Two more switches, a variable in- 
ductor and capacitor in the 375 chassis 
proper, are used to match the various 
antenna loads that it may have faced. 
The instruction book is a treatise unto 
itself on antenna impedance and reac- 
tance, and how the ‘375, through its 
internal antenna tuner, 
can be configured by 
mere switch move- 
ments into various con- 
figurations to meet the 
load. The coarse load- 
ing control on the tun- 
ing unit has to be fi- 
nessed, along with the 
375 internal tuner con- 
trols, to get the plate 
current into the proper 
range. After finding the 
positions that would 
give the proper PA plate 
current in CW and 
AM, tune up into the 
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Finishing the BC-375’s Rack 


dummy load was perfect. I removed the 
tuning chart bezel that hides the flat, 
brown neutralization adjustment that is 
similar to the gain control on a National 
SW-3 receiver. Turning this changes the 
frequency and | maintained 3715 kc by 
compensating with the master oscillator 
tuning during testing. I listened to my 
audio on my T90A receiver in FM, and 
the FM went to absolutely nothing as I 
incrementally moved the neutralization 
control. When the FM’ing was zeroed 
out the AM sounded wonderful! With 
the rig tuned up to around 60 watts, 
there was no FM’ ing and by watching my 
monitor scope I had clean 65 to 90% AM 
modulation. There was some pretty nice 
audio in the headset. Well, looks like it 
was time to put this 70-year-old sleeper 
on the air, maybe for its first time. 

To be true to the mission, I got my BC- 
348R, set it on top of the transmitter, 
and cabled it up to run with the BC-375 
in PTT, just like it was intended to do 
when mounted in the aircraft. 

With everything running perfectly it 
was time I checked into the Old Friends 
Net. On Tuesday, April 16", my 60° 


*, & 
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birthday,» at 9AM, the 
Waukegan Antique Mall’s 70- 
year-old BC-375, a /2-year- 
old PE-73C dynamotor from 
Jon’s junk pile, a TU-6B 
purchased from John, 
(WB4BES) 


Supper” anda T-17 mic from 


“Beans” Fer 


who-knows-where, all 
powered bya switching supply 
as big as a cigar box, I radiated 
into the ether on 3715 kc. On 
75 meters the drift was 
negligible, and the audio 
reports were good, 
commenting on the fact it 
sounded just like me on a 
carbon mic. Think I will get a 
recording of four Wright/ 
Cyclone R1820 engines 
running in synchronization 
and play it loudly in the 
background to really complete 
the scene! 

My last bit of work was to 


fabricate a mounting for the 
‘375. Using the manual information on 


dimensions and some looking at Fair 
Radio Sales rubber shock mount 
offerings, I came up with a plan for a 
frame that holds the ‘375 just like the 
FT-151 mount, but is integral with a 
support to straddle over my BC-348. 
The frame is all-welded construction, 
except for the aluminum plates used for 
the shock mounts. I didn’t have the 
latching clips that secure the BC-375’'s 
mounting pins, but I just clipped four 
horseshoe clips on as a substitute. Total 
cost was about $30 instead of the $200 
folks hope to get for the FT-151 mount. 

So here is the story of returning this 
vintage piece of history to the air. Our 
town has a small aviation museum with 
some military aircraft where historical 
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On The Air for the Fist Time, April 


events are held once a year during our 
Labor Day Apple Festival. I hope to 
contact them and set up the station and 
make a few QSO’s while showing the 
visitors what the radio operator in various 
bombers worked with in their day. One 
plus in my TU hunt was to find the rare 
TU-26B, 200-500 kc at a price I would 
have expected to pay in 1962. A few years 
ago, my good friend Gary, AG4CN gave 
me a BC-306A tuner that is used in the 
antenna circuit of the BC-375 when on 
the VLF frequencies. It has set around 
my shack waiting for the BC-375 to 
appear I guess, maybe it was an omen. 
Now that we have a VLF allocation, 
perhaps it will come in handy. 


ER 
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Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Ads usually run ONE month unless otherwise requested. 
Please email for the display ad rates, they are different from regular 


classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as described 
above, and if you are over 20 words, send payment for the extra 
words at 20 cents for each word. Not all readers use email, so 
include phone numbers if a response is desired. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. 

Electric Radio 

PO Box 242 
Bailey, Colorado 80421-0242 
Ray@ERmag.com (Emailed ads are preferred.) 


MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or (best) email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: Gonset Twins, G-77a and G- 
66b . All cables and matching power 
supplies and manuals. Andy, 
K6RY,candoandys @aol.com. 559-903- 
2482 
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FOR SALE: Western Electric Model 310B 
broadcast transmitter. Excellent 
condition, on 1925kHz. B/O or trade. Gary, 
K6GLH @volcano.net or 209 418-4741 


FREE: Plate transformer from a BC-610. 
Tested and in excellent condition. Pickup 
ONLY. Tom, w3bym1 @gmail.com 

FOR SALE: Parting out Hammarlund HQ- 
140XA. Let me know what you need. Ron, 
AB5WG @satx.rr.com 
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FOR SALE: Collins 300J-2 250 watt AM. 


Broadcast Transmitter modified for the 
80 m AM band by W6IRD. Transmitter is 
in excellent condition. Contact John Van 
Egmond (KI6ZS) at jve @earthlink.net or 
call: 818 497-5268 


FOR SALE: Johnson 6N2 Thunderbolt, 
very good condition, full set of spare tubes. 
$ 800. Pick Up Only. Email Info & Photos. 
Bob K9LCR, 847-587-7982, 25174 W. 
Lake Shore Dr., Ingleside, Il 60041-9170, 
ac4tibet @ hotmail.com 


FOR SALE: BC-348 radios and parts. 
Three receivers, three dynamotors, one 
mount, and some spare parts. All were 
one modified for AC power. $350 takes 
all, pick-up only, please. Mike, KE6UXV, 
Auburn CA, 530-210-1148 


FOR SALE: WRL catalog 1941.SCR211 
freq mtr 1944. War dept communications 
systems 1945. All in good cond, 25.00 + 
13.00 ship, Dave Schmidtke WOBEI 
daves2 @ enventis.net. 


FOR SALE: Hammarlund HQ-170A, $50. 
Hallicrafters HT-32, $50. Eico model 315 
signal generator, $20. 2 meter amplifier 
made by RF Concepts, model RFC 2-23, 
2 watts in, 30 watts out, like new, $35. Ed, 
WA7DAX, 801-598-9217 


FOR SALE: B&W 850/160 plate tank, $140. 
Ranger 1, $100. Johnson 6N2 $40. Pick 
up only. Herb, K9GTB, 217-851-1289, 
1727 S. Rodgers Ave, Alton, IL 62002 


FOR SALE/TRADE: Radio books: TAB, 
Rider, Howard.W. Sams, Editors & 
Engineers, ARRL, Cowan, CQ, 73, Radio 
Publications, others; also radio catalogs, 
manuals, handbooks, magazines. NI4Q, 
POB 690098, Orlando, FL 32869 407- 
351-5536, ni4q@juno.com ; 

FOR SALE: Kenwood 480SAT. New in 
box. Make reasonable offer. Steve, WOATA, 
303-776-9036, P.O. Box 704, Longmont, 
CO, 80502 woata1947 @ gmail.com 


FOR SALE: 8 repairable 1930’s wooden 
console radios. Call for more info, Walter, 
718-456-1988 
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SACRIFICE: 1940 Philco #42-842 (122) 
Three-Way Portable, intermittent 
operation. Schematic, Instructions. Pay 
just UPS with Money Order. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612, Call After 6 PM EST 


FOR SALE: ALPHA AMPLIFIEROWNERS 
New panels for Alpha 76A, 78, 374, 77Sx 
and 77Dx. Contact John Stanford, KF6l, at 
wb8svn @ gmail.com or (714) 412-7399 
with your requirement. 


FOR SALE: Autek, Eico, Heathkit, Icom, 
Knight, National, and Tektronix gear. 
Please email for list. David Justis, KN@S, 
dijustis1 @juno.com, 952-836-5570 
Leave Message. P.O.280, Wicomico, VA 
23184 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris, WAS5UEK, 
Cosmophone @ yahoo.com 


Vintage Electric Piano, Hammond M3, 
tubes amplifier built in, pick up only, $490. 
Toshi Yamada, 7107 175th PL SW, 
Edmonds, WA 98026 ja1ftc @ hotmail.com 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 16A 
@ 125V $5.00 apiece plus shipping. John 
H. Walker Jr., 13406 W 128th Terr., 
Overland Park, KS 66213. PH 913-782- 
6455, EMail jwalker83 @kc.rr.com 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill.riches @ verizon.net 
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WANTED 


Ham Radio, Vintage Audio 


and Tubes 


Based out of Nevada, we travel the 
Western United States buying sur- 
plus equipment. We buy vintage 
and modern ham gear, as well as 
high fidelity audio and tubes! 


: Ham Gear - Vintage Audio 


| ‘Tubes: 2 _ Large Speakers : 
: . Military Equip Telephone Equip 
- Boat Anchors - Old Computers a] 

Manuals S . Test Equip 


2 Components ws and more! 


Call or email for info... 
1-866-988-0073 
KG7LOV@hamandhifi.com 


HamGHiFi 


ao 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 
customers around the world! 


304-856-1026 


EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


www.ezhang.com 


Call Today! 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100IG. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
Collins & Drake, & better efforts from 
others. Laboratory performance 
documentation on request. Work 
guaranteed. Chuck Felton, KD@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign @ yahoo.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N9O0O0O, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124; °sDayton 9 OH,” “http:// 
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TomsAntiqueRadioRepair.com 


FOR SALE: 60 years of electronic parts by 
mail. Components, Hardware, Tubes 
Meters. Free Flyer USA. Bigelow 
Electronics, POB 125, Bluffton, OH 4581 7- 
0125. 419-358-7851 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaledp @ yahoo.com 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repair for KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KDOZS, Cheyenne 
Wyoming, 307-634-5858, 


www.feltondesign.com 
February 2018 


INFO -see www.navy-radio.com for photos 
andinfo on Navy radio gear. Nick, K4ANYW, 
navy.radio @ gmail.com 


WANTED _ Philco Tropic Model 41-788 or 
42-788 complete radio or parts chassis 
in any condition. Especially interested in 
speaker, audio output transformer, dial 
pointers, dial glass and knobs. This is a 
large vintage table radio including the 
broadcast, three shortwave bands, and a 
phono input. Additionally, there is a 
separate dial assembly providing 
bandspread for portions of each 
shortwave band. The radio has eleven 
tubes, including an RF and two IF stages. 
This radio was used in Australia and has 
a 230 volt primary. Call or e-mail Fred 
Smead fredjansmead @verizon.net 413- 
582-0322 


WANTED: National Velvet Vernier Type 
BM dial, like-new condition. Dave, 
WA6VVL, daveishmael @ cox.net 


WANTED: schematic, manual, history, 
any details for Hallicrafters SX-116 - USAF 
designated Model Number "SWE", Single 
Side Band Strip Receiver. Thanks, Ru, 
rhodesrj@gmail.com 503-913-2472 


WANTED: Kilowatt Pi Network Coil, Airdux 
Number 195-2S (Silver plated). Marvin 
W. Beach-N4NY, 378 Old Clark Road, 
Inman, S.C. MarvBeach @windstream.net 


WANTED: For an R-648 receiver: A dual 
pot 10K and 50K carbon pot. Paul R. 
Rehkopf, 340 N. Monroe St. Montpelier 
OH 43543 Phone (419)-485-4388 Email 
mkrprroh @live.com 


WANTED: Quantity of crystals, 5500 kc 
and 5595 kc. Steve Bartkowski, 708-243- 
V713 


WANTED: Sherwood SE-3 MK 1V. Dan 
Karft, 18 Laird St, Box 68, Ramsay MT, 
59748, 406-782-3347 


WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 
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WANTED: Collins TDO, complete or for 
parts. Will pick up or arrange transport. 
Mark, AF1Z, AF1Z@juno.com 


WANTED: Metal cabinet only for 
Hallicrafters SX-28. Would consider 
speaker as well. 
RobertLutherBooks @att.net, Robert 
Luther, KG4LOQ, P.O. Box 248, Hazel 
Green, AL 35750 


For SALE: Collins transmitters 30K1, 
30K4, KWS1 and 550A broadcast 
transmitter. Peter Stratigos, N9OHXW, 
1peter.stratigos@gmail.com 914-437- 
8456 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 


WANTED: Hallicrafters SX-115 parts radio 
or tuning dial, S-Meter and bracket, RF 
GAIN and ANT TRIMMER knobs, and two 
piece front panel. Gary Harmon, KSJWk, 
210-657-1549 or gharmon @idworld.net 


WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES” by George 
L. Graveson. Also “The OSS Comm Vets 
Papers, Second Edition.” 
davegsuur @ gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB40GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: Collins promotional literature, 
catalogs and manuals for the period 1933- 
1993. Jim Stitzinger, WASCEX, 23800 Via 
lrana, Valencia, CA 91355. 818-519-4419. 
jstitz @ pacbell.net 

WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 
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Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow inthe Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The colorisslightly lighterthan 
the cover of ER. $17.00 
delivered, $18.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


COL OW Naan? Liev ccenscoates dass st ables 4 hours, $89.95 
Collins 75S-3 and 32S-3.............cc.scceceees 2 hours, $89.95 
Co bars Ua oc ocean ce + snp eehtes 2.0, 1 hour, $39.95 
Collins 30S -1................s0000. Piet fokecedheucscsce 1 hour, $39.95 
Collins KWS-1........ WT UO Sos ohare ccocien 2 hours, $39.95 
Collins 7 5A ere eee Alig ondesi sn sacenase 2 hours, $89.95 
Goblins (ReS9O Ami cies sag tat cette cledee wn nose sescenssee 7 hours, $109.95 
Collins R-390A Addendum................... 2 hours, $49.95 
Hammarlund SP-600JX..................cccceeee 4 hours, $89.95 


Shipping within the US: $6.75 each for the first two DVDs, additional 
titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 


56 Electric Radio #345 February 2018 


COLLINS 
Includes A 
2.7MHz Crystal 
Oscillator 
To Replace 
The Collins 
VFO, Giving 
Complete 
Control To The 
VFO 1000 
$275 + $15 S&H 


WANTED: 1930's civilian airline radios 
(air or ground station use) Any radios or 
test gear used by FCC (Hallicrafters etc) 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@ gmail.com, 


704-657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


Exp 8/18 WANTED: ARC-5 transmitter 
racks MT 69, 71, 73, 75. Steve, K2DKT, 
skeller53@gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: FCC and RiD-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r @ gmail.com 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 
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DIGITAL VFO ee S-LINE & DRAKE R4 SERIES 


Easy installation ¢ just plug in the adapter and connect the cable 
THIS IS A DIGITAL VFO « NOT JUST A DIGITAL READOUT 
More Info & Order At kk4pk.com 


DRAKE 
All Tuning 
Is Done With 
The VFO 1000 
Providing 
Complete 
Digital Control 
For Highest 
Accuracy And | 
Stability 
$250 + $15 S&H 


WANTED: PRESS WIRELESS, NY: 
Photos, information wanted on Hicksville, 
Baldwin, Little Neck, Centereach, 
Northville facilities. George Flanagan, 42 
Cygnet Dr., Smithtown, NY 11787 
w2krm @optonline.net 631-360-9011 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, nqg5t @tx.rr.com, 214-629- 
8759 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted@x44.cc 


WANTED: Lots of IERC TR5-5020H 7-pin 
black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
rodperala@ aol.com 

WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KA6NNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 
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ZIM ELECTRONICS INRUSH CURRENT LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: 


Model AB-1M, (With Voltmeter),.........csccscssossssssssesssssesseee $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
Shipping, each limiter ..............ccccsccceescesceees P7250 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such Metered Tnroet lates 
damage. They are not intended to be used as a voltage- Models AB-1M, AB-30 OM 
reducing device. The AB-1M is 150W. All models i 


come with a full money-back guarantee. Electric Radio Store 
720-924-0171 


Drake Manuals on CD 


The R.L. Drake manuals that were 
compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 


Series 1 + Disk 1 
R.L. Drake Co. 


Now all of your Drake service 
information can be in one place and you 
won't have to worry about not having a 


System 


Requirements: 


manual when a new piece of equipment 


Any computer vith 
Adobe Acrobat Reader®, 
Performance will yary 


enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 


www.ERmag.com 


depending on speed of 


the computer, 
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JOIN THE AWA 


ANTIQUE WIRELESS ASSOCIATION 
PRESERVING & SHARING COMMUNICATION'S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 

e Sponsors the unique, world famous Antique Wireless Museum 

e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 
Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil (R-390's 
&backpacks) & tube radios. Also copies 
of postwar-90’s surplus catalogs, 
backpack specs & photos. W.K. Smith 
44684-083, FCI Ft. Dix, PO BOX 2000, Fort 
Dix, NJ 08640 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956 


WANTED: Vibroplex or other Bugs for 
Restoration. Email with condition/ 
images, KCQUNL, Curt Gidding, 
curtstamp @aol.com 217-359-4017 


WANTED: Looking to start my winter 
restoration project. | need a DX-100 front 
panel that is in good shape. Doug, 
wa3dsp @gmail.com, 215-355-5307 
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Hayseed Hamfest LLC - Cedar Rapids, lowa 


CAN CAPACITORS 


can-caps.com 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985" 


Licensed atleast 25 years ago and licensed today? 


Then you should join the 
Quarter Century Wireless Association, Inc. 
To Join or Renew visit: 
http /iwwrw.qcwa.org/join-renew.php 


For more information please contact 
om@qcwa.org 


This book has everything you need to 

know about the art and science of 

thermatron design and construction. 

It pulls together thermatron types 

and characteristics, thermatron 

homebrew techniques, and how to 

design audio and RF triode and 

pentode circuits. The book is 233, 8.5 

x 11” pages, packed with hundreds of 

photos, schematics, diagrams, charts, 

and formulas. Grayson Evans, 

TA2ZGE/KJ7UM has been licensed 

since 1962, grew up on thermatrons, 

spent 40 years in the electronics 
nee AAT to emeeed mcuciag ee Caner on industry, and is bored to death with 


thermatron oscillator design, This book has everything you 5 
need to know about the art and science of thermatron design solid -§t ate! 
and construction. i is 287, 8.5 x 11" pages, packed with : 

i ps sacle of photos, schematics, diagrams, oe si a 
formulas. Grayson Evans, TA2ZGE/KJ7UM has been license: N OW A | bl f th 
since 1962, grew up on thermatrans, spent 40 years In the Val a e ro m e 
electronics industry. and is bored to death with solid-state! 


NOW Available from the Electric Radio Bookstore! E e€ ctri c R a d i Oo B oo ksto re ! 


Tubes, Tubes, Tubes 
for your next project! 


Electric Guru Parts House 
www.électricgurupartshouse.com 
Phone: 262-833-7999 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, Wi 53126 


W7FG True Ladder Line and 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
¢ The most trusted, reliable, all-band 
doublet for 20 years. 
e Thousands in Use, Sold Worldwide 
¢ Use coupon code “ER” for 10% 
discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


e Your Resource for * * Collins Radio * * 


¢ Offering Unparalleled Free as wellas.. 
e .... Exciting Member Benefits 
e World Class 


¢ Visit at collinsradio.org & join the fun 
e See our Events Calendar 


Signal Magazine 


¢ Come see what the excitement is about 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rd, 
Pennsburg, PA 18073, 215-541-1099 
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NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 3895 
Southwest USA. All welcome. Ron, 
K2RP @ARRL.NET 


NOTICE: Boatanchors Unlimited «SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are welcome. 
k8wozdan @ gmail.com 4 
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— ELECTRIC RADIO BACK ISSUES — 
All Electric Radio back issues are either from the original press run or lithographic reprints 


from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 


The NEW easy to use on-line search for back articles is at 


https://www.ermag.com/index/ 
e Weno longer have all of the back issues of Electric Radio from #1, but the remaining 


stock of back issues are available at a discounted price plus $24.00 shipping, at least a 
56% discount the over single-issue price. Please call for a quote on all of the number 
of remaining back issues while they are still available. 

@ Single Issues: $4.00 Each, Postpaid 

© 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

e Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

e Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 


All of the Collins compendiums are packaged in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and 
all the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 108 pages, $22.00 plus $7.00 
Shipping. 
Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages, $47.00 plus 
$8.00 Shipping. 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent's biogra- 
phy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
AUVErtiSinG.--------------------------2-- nanan enn nnn nnn connec nner eran anma nn anmn mannan naan $25.95 - 10% = $23.35 
Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees.---------------------2nnenn nnn nnn nnnnmnnmnnnnnnn Out of Stock 
Again Available! Volume 1 of Crystal Clear by Maurice Siever-:-------------------- $29.95 - 10% - $26.90 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 
related US-made equipment from 1920 to 1955, by Maurice Siever-------+------------------ $29.95 - 10% = $26.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ------------------------------------------- $32.95 - 10% = $29.65 
Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full COlOLr.---------------------------- 22022222 e nnn enna enna nnnn= $36.00 - 10% = $32.50 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 


IS EXCeIlEN. -------------------------------------------nnn annem anne nnnn nn nnnnennnnnnennnncennnnnmnnnnmnnnnnnnnnnanans $24.95 - 10% - $22.45 
Practical Radio Repair, VoOlUMe 1: ...........ccccccscsssessecsceuscseeccecccccccscscnccssssnnsssssssenssseeseneseess $26.95 
BERGMOCHMEMOOIC MONAIN, VOLUME 2° wic5.cacsecandscheersvanscacktuutbeivsceedepnansaseustsisecsesanceheacoutecorntces $26.95 


The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos.----------------------- 
eonennenananannnnnanannanancnnnannannannanananannanenaasanmansananancnncasananananmenaaaanannananmnnnemannsasnemn mann $25.95-10% = $22.45 


Tube Type Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ..................4. $26.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------------- $29.95-10% = $26.95 

Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
INTOMMAliVE..-—-------------------------------nn===-—— nn nnm nnn nn nnn nnnenn nnn ninnnnnnnnannncemennenmnanmmmammane $26.95-10% = $24.25 
Again Available! Shortwave Receivers Past & Present: This is Fred Osterman’s 
long-awaited 4th edition, 2nd printing, a hardbound, heavy, 800-page masterpiece, 
more like an encyclopedia than a mere handbook! Sure to become a classic volume, 
it contains info on over 1,700 receivers from 1942 to 2013, when the book was com- 
pleted. Includes many hard-to-find details about European equipment.--------- $49.95 

The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 


and Poles, mentioning radio communications of the day. ------------------------------------------------------- $13.50 
Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
cheat a a a ea ee hae el $29.95-10% = $26.95 
Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders. Please Note: When the 
remaining stock is gone, this book will be out-of-print. --------------------------------------------- $21.95 - 10% = $19.75 


Ordering Information: 
Books are usually sent by USPS Media Mail 


Hollow State Design and Tube Type Transmitters are shipped for $6.00 each. 
Shortwave Receivers Past and Presentis very heavy and shipping is $7.00. 


For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address. . 
Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal, Call or Email for Details 
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Subscription Information 
Published Monthly 
The monthly Electric Radio mailing date is posted at www.ermag.com. - 
Rates within the US: | 
Ist Class Rate: $47 (mailed in envelope) 


Periodicals Rate: $36 : 


Rates outside the US, by airmail only: 
Canada : US $54 i 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Friday 
Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM : 


email: Ray@ERmag.com 


Electric Radio 


Baseball Caps! 


Always popular, the Electric Radio 


baseball caps are a nice 6-panel all- 
cotton style with an adjustable rear 
headband and a3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 


Or On-Line: www.ERmag.com 
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Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested ~ PERIODICAL 
2/18 


LRFFILA  - zt 4 
wRBAGS GOi7is 


James Beyer 
6213 Countryside Lane 


FASE As 


Maaison VV¥i 53765-1625 


Uefyybepyeed fugu f fondly ptf fUUfonngag yyy pylyeg plead gly tedf ety! 


READY TO DOWNSIZE 
YOUR ESTATE? 


Estate planning for your ham, antique radio or 
audio equipment can be difficult. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. ~ 


We are a Midwest based online auction. . 
company with a global reach. 


Nationwide pickup services available. 


SCHULMAN 


(Ee bell edi aes 73, David Schulman, WDOERU 
HALLICRAFTERS SR-2000 HURRICANE 816-455-5520 or 913-568-3767 
SOLD FOR $2,255 david@schulmanauction.com 


